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Nova's  New  Generation 
Critical  Care  Stat  Lab 

A  Complete  Blood  Gas/Stat  Analyzer 


Stat  Profile  Ultra  is  a  new  generation  stat 
analyzer  from  Nova  Biomedical  that  is  vir- 
tually a  complete  whole  blood  stat  lab  in  a 
single  analyzer.  Ultra  represents  an  evolu- 
tionary technology  advance  based  on 
Nova's  original  Stat  Profile  design. 

Ultra's  comprehensive  new  test  menu  pro- 
vides a  complete  diagnostic  picture  for  criti- 
cal care.  It  is  the  first  analyzer  to  combine 
all  the  tests  needed  for  total  shock  assess- 
ment including  lactate,  hematocrit,  and 
measured  oxygen  saturation.  An  all  new,  in- 
line, multiwavelength  optical  oximeter  accu- 
rately measures  oxygen  saturation  (SO,%)  in 
whole  blood  samples. 

Ultra's  test  menu  is  both  user  selectable  and 
upgradeable.  Its  unique  design  enables  a  labo- 
ratory to  customize  a  test  menu  from  among 
1 2  available  whole  blood  tests  to  accommo- 
date the  exact  testing  needs  of  the  clinical  staff. 


Nova  I '. i < 1 1 1 > .  < 1 1 , . i !  Headquarters:  20(1  Prospect  Street. Wallham, 
MA  02254-9141 1   s  \    rel:  (617)  894-0800  (800)  458-5813 

1  1)894-5915    l.it  I  I .,     (61  I)  S99  0417 
Nova  Biomedical  Canada,  l.td:  6810  Kitimal  Road.  Unit  5, 
i         M2l  .in .i.i. i    Pel  (905)567-7700 
(800)263-5999    I 

European  OBIce:  Wlelandgane  20/7,  A- 1 100  Vienna,  Austria 
lei  43-1-60309700  I  va a  Fax: 43- 1  60309  102 


Because  Stat  Profile  analyzers  are  often 
used  at  point  of  care,  maintenance  has  been 
dramatically  reduced.  In  fact,  there  is  no 
daily  maintenance.  In  addition,  new  Remote 
Lab  Supervision'"  software  allows  the  central 
lab  to  control  access  to  the  analyzer  and  to 
review  data  before  release  to  remote  sites. 

Stat  Profile  Ultra  is  fully  automated  so  that 
only  one  operator  analysis  step  (press  the 
analyze  button)  is  required.  This  level  of 
automation  provides  easy  use  by  operators 
of  any  skill  level.  Automatic  performance 
monitoring,  on-board  patient  data  storage, 
quality  control  and  full  report  printing  ca- 
pability are  provided. 

Stat  Profile  Ultra  is  the  most  advanced,  easi- 
est to  use,  yet  most  comprehensive  stat  ana- 
lyzer available. 
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Creating  Tomorrows 
Raptao^L  Decent.. 
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A  special  seminar  designed 
to  prepare  managers  and 
staff  to  deal  with  today's 
changes  in  health  care 

Program  Overview 

While  most  seminars  dealing  with  changes  in  the  health 
care  system  are  directed  to  managers,  presentations  at 
this  AARC  Regional  Seminar  are  designed  for  the 
benefit  of  both  managers  and  staff.  We  have  all  felt  the 
change  that  marketplace  health  care  reform  has  brought 
to  the  operations  of  our  respiratory  care  services.  We  all 
know  that  the  respiratory  care  profession  is  changing  in 
unprecedented  ways.  Reengineering,  managed  care, 
outcomes  management,  utilization  control,  and 
multicompetency  are  having  a  tremendous  impact  on 
the  way  respiratory  care  is  delivered.  And  the  fact  is 


clear:  respiratory  care  staff  and  services  must  change  to 
meet  the  demands  of  a  new  health  care  market. 
But  how  do  you  make  those  changes?  How  do  you 
adapt?  How  do  you  survive?  This  seminar  will  describe 
strategies  and  actual  success  stories  to  get  you  where 
you  need  to  be  in  tomorrow's  (and  today's)  health  care 
system. 

Continuing  Education 

The  seminar  is  approved  for  up  to  10  hours  of 
Continuing  Respiratory  Care  Education  (CRCE)  credit 
by  the  American  Association  for  Respiratory  Care. 

For  More  Information 

Call  the  AARC  Executive  Office  at  (214)  243-2272  or 
fax  (214)  484-2720  for  program  information. 

American  Association  for  Respiratory  Care 


When  it  comes 
to  versatility  and 
aerosol  therapy, 
no  other  MDI 
spacer  delivers 

like  ACE: 
Thanks,  DHD." 


Joe  Nicoletti,  RRT, 
Coordinator  of 
Respiratory  Therapy 


With  the  ACE 
Aerosol  Cloud 
Enhancer, 
you're  assured 
of  fast, 

effective  MDI  delivery  in  even'  situation.  In 
addition  to  routine,  oral  inhalation,  ACE's 
versatile  design  permits  use  in  a  vent  circuit,  in 
conjunction  with  an  endotracheal  airway  or 
resuscitation  hag,  and  with  an  incentive 
spirometer.  Its  patented,  cone-shaped  chamber 
maximizes  respirable  volume,  while  its  clarity 
allows  you  —  and  your  patients  —  to  easily 
confirm  availability  of  prescribed  dose.  For  more 
information  on  ACE,  the  ACE  Patient  Training 
Video,  or  the  entire  line  of  DHD  quality 
respiratory  care  products  that  RTs  appreciate, 
please  call  DHD  toll-free  at 

1'800'847'8000. 


©DHD 
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Sooner  or  late 
be  weanine*  hmi  off  the  vent. 


So' why  not  make  it  sooner? 

Weaning  protocols  that  use  capnography 
can  help  take  the  guesswork  out  of 
weaning  decisions. 

Considering  the  time,  resources,  and  quality-of-care 
issues  involved  in  weaning  ventilated  patients,  the 
implications  are  clear.  When  the  process  of  weaning 
patients  from  the  ventilator  is  arbitrary,  it  creates  variability 
that  can  lead  to  increased  costs  and  reduced  efficiency. 
There  is  an  alternative.  Close,  continuous  monitoring 
of  end-tidal  C02-  as  part  of  a  weaning  protocol -provides 
timely  information  to  help 
you  gauge  your  patient's 
ability  to  be  weaned  off  the 
ventilator.  Instituting  a 
protocol  that  leads  to  fewer 
ABGs  and  reduced  ventilator 
time  per  patient  can  save 
money,  potentially  improve 
quality  of  care,  help  reduce 
MLOS,  and  make  bed 
utilization  more  efficient. 


With  the  ULTRA  CAP  monitor, 
the  effects  of  ventilator  settings 
can  he  measured  breath  to  breath, 
rather  than  after  the  10-  to  20- 
minute  waits  associated  with 
blood  gas  analysis. 


Make  the  ULTRA  CAP  monitor  a  part 
of  your  ventilator  weaning  process. 

Nellcor  can  help  you  integrate  capnography  into  a 
vital  and  effective  weaning  protocol.  Take  advantage  of 
our  extensive  training  and  support  materials,  including 
our  comprehensive  collection  of  institutional  weaning 
protocols.  And  you  can  use  the  ULTRA  CAP1"  monitor- 
Nellcor's  premier  capnograph  and  pulse  oximeter-to 
implement  a  protocol  of  your  own. 

Because  when  it  comes  to  weaning  patients  off  the 
ventilator,  we  think  you'll  agree-the  sooner,  the  better. 

For  more  information,  contact  your  local  representative 
or  call  l-800-NELLCOR  Oi  510-463-4000.  (Call  our 
European  office  at  +31.73.426565  or  our  Asia/Pacific 
oilier  at  +852.529.0363.) 

NELLCOR 

HELLCOR  and  ULTRA  I   IP  are  trademarks  ol  Nellcoi  Incorporated 
6  Nellcoi  Incorporated  1994.  All  rights  reserved 
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Abstracts 


Summaries  of  Pertinent  Article 


Editorials,  Commentaries,  and  Reviews  To  Note 


Guidelines  for  Home  Care  of  Infants,  Children,  and  Adolescents  with  Chronic  Disease — Com- 
mittee on  Children  with  Disabilities.  Pediatrics  1995;96(  1 1:161-164. 


A  Call  to  Action:  The  Institute  of  Medicine  Report  on  Emergency  Medical  Services  for  Chil- 
dren— American  Academy  of  Pediatrics.  Pediatrics  1995;96  ( 1,  Suppl  1:173-210. 


Evaluation  of  Airway  Complications  in  High- 
Risk  Preterm  Infants:  Application  of  Flexible 
Fiberoptic  Airway  Endoscopy — GJ  Downing, 
HW  Kilbride.  Pediatrics  1995:95(4):567. 

OBJECTIVES:  We  sought  to  determine  factors 
that  would  predict  the  development  of  subglot- 
tic stenosis  (SGS)  and  tracheomalacia  (TM)  in 
preterm  infants.  The  utility  of  a  semiquantitative 
measurement  of  airway  dimensions  was  assessed 
in  relation  to  signs  of  airway  complications.  We 
also  sought  to  determine  from  a  high-risk  popu- 
lation of  infants  those  likely  to  have  abnormal  find- 
ings identified  by  bronchoscopy-  examination. 
METHODS:  Prospective  airway  endoscopy  was 
performed  for  pretenn  infants  who  were  intubated 
for  7  days  or  more  or  who  demonstrated  chron- 
ic oxygen  needs  beyond  28  days  after  birth  and 
36  weeks  postconceptional  age.  Subjects  were  1 1 7 
preterm  (less  than  36  weeks'  gestation!  infants 
from  two  level  III  intensive  care  nurseries.  En- 
doscopy was  used  to  classify  the  type  and  degree 
of  airway  injury.  Subglottic  stenosis  was  defined 
subjectively  and  compared  with  an  objective  mea- 
surement using  subglottic  spatial  relations  de- 
scribed as  a  trans-subglottic/vocal  cord  ratio 
(TSG/VC).  Clinical  signs  and  symptoms  and  other 
risk  factors  were  evaluated  as  significant  predictors 
of  SGS  and  TM.  identified  by  bronchoscopy.  RE- 
SULTS: Moderate  or  severe  airway  abnormali- 
ties were  identified  in  32  patients  (27.3%);  13  with 
SGS,  17  with  TM.  and  2  with  both.  All  but  one 
infant  with  TSG/VC  less  than  0.83  had  signs  and 
symptoms  of  airway  dysfunction.  Variables  more 
commmilv  found  in  patients  with  SGS  included 
greater  number  of  intubations,  use  of  inappro- 
priately large  endotracheal  tubes,  and  longer  du- 
ration of  intubation.  Higher  averaged  mean  air- 
way pressure  during  the  lirsi  week  after  birth  and 
lower  gestational  age  were  cluneal  features  as 
ioi  iated  with  TM.  CONCLUSIONS:  Flexible 
hronchoscopic  evaluation  of  a  high-risk  population 
demonstrated  a  higher  incidence  of  moderate  or 
severe  S(  IS  or  TM  than  previously  suspected.  Sub- 


glottic stenosis  and  TM  appear  to  have  different 
etiologies  based  on  different  factors  associated  with 
their  development.  The  TSG/VC  ratio  correlat- 
ed well  with  obstructive  symptoms  and  may  rep- 
resent a  means  to  quantitate  clinically  subglottic 
narrowing.  Infants  with  chronic  lung  disease  who 
have  persistently  elevated  partial  pressure  of  car- 
bon dioxide,  apnea,  or  phonation  abnormalities 
are  most  likely  to  have  airway  abnormalities  iden- 
tifiable by  bronchoscopy. 

Inter-Hospital  Transport  of  Neonatal  Patients 
on  Extracorporeal  Membrane  Oxygenation: 
Mobile-ECMO  MJ  Heulitt,  BJ  Taylor, 
SC  Faulkner,  LL  Baker,  CW  Chipman,  JH  Har- 
rell,  SH  VanDevanter.  Pediatrics  1995;95(4):562. 

OBJECTIVE:  To  describe  the  equipment,  per- 
sonnel requirements,  training,  management  tech- 
niques, and  logistic  problems  encountered  in  the 
design  and  implementation  of  a  mobile  extra- 
corporeal membrane  oxygenation  (ECMO)  pro- 
gram. DESIGN:  This  is  a  report  of  a  technique 
for  the  transport  of  patients  on  ECMO  and  a  de- 
scription of  our  retrospective  case  series.  SET- 
TINGS: The  study  was  conducted  at  a  regional 
referral  children's  hospital  and  ECMO  unit.  PA- 
TIENTS: Thirteen  neonatal  medical  patients  with 
acute  respiratory  failure  were  transported  with 
mobile-ECMO.  RESULTS:  Over  a  24-month  pe- 
riod, we  transported  13  neonatal  patients  with  mo- 
bile-ECMO. The  reason  for  transport  with  mo- 
bile-ECMO was  inability  to  convert  from 
high-frequency  ventilation  (4  of  13),  patient  al- 
ready on  ECMO  ( I  of  I  3),  and  patient  deemed 
too  unstable  for  conventional  transport  (8  of  13). 
Eleven  of  the  13  patients  were  transported  from 
other  ECMO  centers.  Of  the  13,9  survived.  No 
major  complications  during  transport  were  re- 
ported for  any  of  the  patients.  Follow-up  data  were 
available  on  all  nine  survivors  of  neonatal  mo- 
bile-ECMO. Eight  of  these  had  normal  magnetic 
resonance  imaging  scans  of  the  brain:  the  ninth 
had  a  small  hemorrhage  in  the  left  cerebellum. 


CONCLUSION:  Our  limited  series  shows  that 
patients  can  be  safely  transported  with  mobile- 
ECMO.  This  program  does  not  replace  the  early 
appropriate  transfer  for  ECMO-eligible  patients 
to  an  ECMO  center. 

Venovenous  Extracorporeal  Membrane  Oxy- 
genation Affects  Renal  Function — BJ  Roy. 
JD  Cornish,  RH  Clark.  Pediatrics  1995;95(4):573. 

OBJECTIVE:  We  evaluated  the  effect  of  ven- 
ovenous extracorporeal  membrane  oxygenation 
(ECMO)  on  renal  function  and  fluid  balance  in 
neonates  with  severe  respiratory  failure.  DESIGN: 
We  retrospectively  reviewed  the  charts  of  30  con- 
secutive patients  who  met  criteria  for  treatment 
with  ECMO.  Twelve  were  managed  without 
ECMO  (comparison  group)  and  1 8  were  treated 
with  venovenous  ECMO  (treatment  group).  SET- 
TING: The  study  was  conducted  in  a  single  level 
III  neonatal  intensive  care  unit  in  a  regional  chil- 
dren's hospital  accepting  medical  and  surgical 
neonatal  transfers.  Our  hospital  does  not  have  an 
inborn  service.  PATIENTS:  Neonates  were  in- 
cluded if  their  gestational  age  was  more  than  34 
weeks,  they  weighed  more  than  2  kg.  and  their 
respiratory  failure  was  severe  enough  to  warrant 
consideration  of  ECMO  as  a  mode  of  support.  All 
the  neonates  in  this  study  were  treated  with  high- 
frequency  ventilation  before  being  considered  for 
ECMO;  none  were  treated  with  nitric  oxide.  Cri- 
teria used  to  determine  whether  a  neonate  was  a 
candidate  for  ECMO  included:  ( I )  alveolar-arterial 
oxygen  difference  greater  than  60  kPa  (610  lorr) 
for  8  hours;  (2)  alveolar-arterial  oxygen  differ- 
ence greater  than  59  kPa  (605  torr)  and  a  peak  air- 
way pressure  greater  than  3.7  kPa  (38  cm  H;Ol 
for  4  hours;  (3)  oxygenation  index  greater  than 
40  on  three  of  five  postductal  hlixxl  gases  obtained 
at  least  30  minutes  apart  and  unstable  patient  con- 
dition; or  (4)  refractory,  severe  respiratory  fail- 
ure with  sudden  decompensation  (partial  pressure 
Ol  arterial  oxygen  3.4  kPa  or  lower.  35  torr)  de- 
spite maximal  medical  management  for  2  tlOUTS 


910 


Respiratory  Carl  •  September  '95  Vol  40  No  9 


New 

Press-and- 
Release 
Action 

Simplified  design,  with 
fewer  moving  parts, 
makes  canister 
actuation  easier, 
minimizes 
need  for 
coordination. 


In  NIDI  Drug  Delivery... 

The  choice  just  got  easier. 


Better  delivery. 


OptiHaler®  is  designed  to  give  your  patients  the  full 
benefit  of  their  MDI  medication.  Its  patented  aerodynamic 
action*  creates  a  measurably  superior  aerosol  mixture  — 
richer  in  the  smaller,  more  effective  particles.'  And  it  makes 
more  of  that  mixture  available  for  delivery  to  the  lungs  than 
conventional  holding  chambers.1 


So  why  not  make  MDI  therapy  easier  for  your 
patients... with  the  product  more  patients  prefer.2  Call 
our  24-hour  customer  service  hotline  today  for  your  free 
professional  sample  of  new,  improved  OptiHaler. 


1-800-962-1266 


Better  design. 


Ji 


OptiHaler's  new  simplified  design  makes  MDI  therapy 
easier  than  ever.  Patients  simply  press  and  release  the 
canister  while  inhaling  —  then  close  the  end  cap  for  the 
next  puff.  Cleaning  and  maintenance  are  easier  too. 

Better  compliance. 

And  because  more  convenience 

usually  means  better  compliance, 

OptiHaler  packs  all  of  these 

advantages  into  a  sleek,  discreet, 

truly  portable  unit  that  patients  rate 

significantly  more  convenient  for 

daily  use  than  the  leading  holding  chambers 


~J..£J~t~.~ 


r> 


Mew,  more  convenient, 
one-piece  cap. 


Drug  Delivery  System  for  use  with  Metered  Dose  Inhalers 

The  promise  of  MDI  therapy... delivered. 

From  the  makers  of  ASSESS*  and  Personal  Best®  Peak  Row  Meters 

HealthScan  Products  Inc.,  Cedar  Grove,  NJ 

REFERENCES:  1 .  Data  on  file.  HealthScan  Products  Inc.  2  Wheeler  BB.  Boilers  NO  Initial  experi- 
ence with  a  novel  spacer  device  (Presented  at  the  1993  meeting  of  the  American  Academy  of 
Allergy  and  Immunology)    '  US  Patent  No  5.040,527     OA76CO04-0    ©  1994,  HealthScan  Products  Inc 


Circle  118  on  reader  service  card 


Abstracts 


We  did  not  include  patients  with  congenital  di- 
aphragmatic hernia.  MAIN  RESULTS:  There 
were  no  differences  between  the  groups  in  ges- 
tational age.  birthweight,  age  at  admission,  gen- 
der, or  diagnoses.  Over  the  course  of  the  108  hours 
reviewed  for  each  case,  neonates  treated  with 
ECMO  had  higher  positive  fluid  balance  (p  < 
0.001 1,  lower  urine  flow  rates  (p  <0.01 ).  and  high- 
er blood  urea  nitrogen  (p  <0.01 )  and  creatinine 
(p<0.01 )  levels  than  neonates  managed  without 
ECMO.  There  were  no  differences  in  mean  blood 
pressure,  protein  intake,  serum  albumin,  or  use 
of  diuretic  therapy  that  might  explain  the  dif- 
ferences between  the  groups.  CONCLUSION:  We 
conclude  that  venovenous  ECMO  is  associated 
with  transient  impairment  in  renal  function  and 
marked  fluid  retention. 

Effects  of  Earl)  Dexamethasone  Therapy  on 
Pulmonary  Mechanics  and  Chronic  Lung  Dis- 
ease in  Very  Low  Birthweight  Infants:  A  Ran- 
domized, Controlled  Trial — M  Durand.  S  Sarde- 
sai.  C  McEvoy.  Pediatrics  1995:95:584. 

OBJECTIVE:  To  determine  the  changes  in  pul- 
monary mechanics  before  and  during  early  dex- 
amethasone therapy,  and  to  evaluate  the  effect 
of  dexamethasone  on  the  duration  of  mechani- 
cal ventilation  in  very  low  birthweight  ( VLBW) 
ventilator-dependent  infants  at  risk  for  chronic 
lung  disease  (CLD).  METHODS:  A  prospective 
randomized  trial  was  conducted.  Forty-three  pa- 
tients (birthweight  600  to  1500  g,  gestational  age 
24  to  32  weeks)  who  failed  to  be  weaned  from 
the  respirator  at  7  to  14  days  of  age  were  enrolled; 
23  infants  received  a  7-day  course  of  dexam- 
ethasone (0.5  mg/kg/day  intravenously  for  3  days. 
0.25  mg/kg/day  for  3  days,  and  0.1  mg/kg/day 
for  I  day),  and  20  patients  were  in  the  control 
group.  At  similar  mean  airway  pressure  (MAP) 
and  fractional  inspired  oxygen  concentration 
(F|o:).  respiratory  system  mechanics  were  mea- 
sured before  and  on  days  2.  5.  and  7  of  the  study. 
Airway  pressure,  (low.  and  tidal  volume  (Vy)  were 
recorded  and  only  mechanical  breaths  were  an- 
al wed.  Respiratory  compliance  (C,J  and  res- 
piratory resistance  (Rr>.)  were  calculated  by  two 
factor  least  mean  square  analysis.  RESULTS: 
Eighty-three  percent  of  infants  in  the  dexam- 
ethasone group  and  90'  i  in  the  control  group  re- 
ceived surfactant  in  the  first  24  hours  of  life.  There- 
was  a  significant  increase  in  Clv  and  VT  in  the  dex- 
amethasone  group  as  compared  with  the  control 
group  (p  < 0.00 1 ).  No  major  changes  in  Rp,  were 
observed.  Dexamethasone  therapy  significant- 
Is  decreased  Fio1  and  MAP  (p  < 0.00 1 )  and  la 
cilitatcd  successful  weaning  from  mechanical  veil 
tilalion.  In  addition  to  a  shorter  duration  ol 
mechanical  ventilation  (p<0.01 I.  (he  occurrence 

ofCLDd'itj  -0.21  ai  36  weeks  of  corrected  ges 
tational  age.  chesi  radiograph  changes)  was  sig 

nificantly  decreased  in  the  dexamethasone  group 
(p<  Dill  i  Except  lor  a  transient  increase  in  blood 
pressure  and  serum  glucose,  there  were  no  sig 


nificant  differences  in  infection  rates,  intraven- 
tricular hemorrhage,  or  retinopathy  of  prematurity . 
Thirteen  patients  in  the  control  group  received 
dexamethasone  at  a  later  age.  CONCLUSIONS: 
Our  findings  indicate  that:  ( 1 )  early  dexametha- 
sone therapy  in  VLBW  infants  markedly  improves 
respiratory  compliance  and  tidal  volume,  reduces 
Fio:  and  MAP  requirements,  and  facilitates  ex- 
tubation  in  these  infants:  (2)  early  dexamethasone 
therapy  reduces  the  duration  of  mechanical  ven- 
tilation and  decreases  CLD  (at  28  days  and  36 
weeks)  in  a  population  of  VLBW  infants  large- 
ly treated  with  surfactant. 

A  Computer  Algorithm  for  Differentiating 
Valid  from  Distorted  Pulse  Oximeter  Wave- 
forms in  Neonates — JA  Adams,  IM  Inman. 
SA  Abreu.  IA  Zabaleta.  MA  Sackner.  Pediatr  Pul- 
monol  1995:19:307. 

Current  pulse  oximeter  technology  is  fraught  with 
a  significant  false  alarm  rate.  This  is  mainly  due 
to  motion  artifacts  at  the  sensor  site  which  dis- 
tort the  pulse  waveform  and  render  the  compu- 
tation of  Sao:  invalid.  If  the  pulse  waveform  could 
be  automatically  recognized  as  either  normal  or 
distorted,  then  only  valid  Sao:  values  would  be 
displayed.  We  observed  that  the  systolic  upstroke 
time  (Sy)  of  the  pulse  waveform  has  a  narrow  and 
consistent  range  in  normal  appearing  pulses.  The 
systolic  upstroke  time  (Sy)  is  the  time  from  the 
onset  of  systole  to  the  peak  of  the  pulse  waveform. 
Comparison  of  a  preset  range  of  Sy  was  made 
against  Sy  obtained  by  computer  analysis  of  each 
pulse  waveform.  Visual  examination  of  14.090 
pulses  was  carried  out  to  determine  the  sensitivity 
and  false-positive  rate  of  the  algorithm.  Sensitivity 
of  computer  detection  of  valid  pulses  was  92'  I 
with  a  positive  predictive  value  of  92%.  When  tised 
on  line  for  continuous  recording  of  Sao:  in  patients, 
this  simple  algorithm  has  the  potential  to  decrease 
the  false  alarm  rate  of  pulse  oximeters  and  improve 
the  accuracy  of  long-term  San_,  recordings. 

The  Single  Breath  Test  in  Neonates:  Does  Pres- 
surization  of  the  Pneumotachograph  Make  a 
Difference? — AL  Coates.  ME  Fletcher.  1  Dun- 
das.  J  Stocks.  Pediatr  Pulmonol  1995:19:299. 

The  single-breath  (est  for  the  measurement  of  res- 
piratory system  resistance  and  compliance  in  new- 
borns consists  ol  an  end-inspiratory  occlusion 
which  is  subsequently  released,  allowing  expiration 
to  proceed  through  a  pneumotachograph  (PNT). 
The  measured  How  is  then  integrated  to  cue  VOl- 
ume.  The  simplicity  ol  the  lest  is  one  of  the  major 
reasons  for  its  popularity.  However,  some  lines 
dgators  have  cautioned  against  the  use  of  an  occlu- 
sion distal  to  the  PNT  because  picssut  i/alion  of 
the  PNT  may  introduce  artifacts  in  the  How  mea- 
surement. Despite  this  caution,  many  commer- 
cial systems  use  a  pressurized  PNT.  This  stud) 
investigated  the  errors  that  would  result  from  pres- 
sun/ation  of  the  PNT  by  providing  a  step  func 


tion  of  How  to  tw  o  infant  PNTs,  a  Fleisch  #0  and 
a  Hans  Rudolph  4500.  in  the  unpressurized  and 
pressurized  state.  In  each  case  there  was  an  ini- 
tial rapid  rise  of  the  flow  signal,  followed  by  some 
overshoot  and  oscillations  that  rapidly  died  out. 
The  overshoot  and  oscillations  for  the  Hans 
Rudolph  PNT  were  greater  when  pressurized; 
whereas,  pressurization  had  little  effect  on  the 
Fleisch  PNT.  Unpressurized.  the  two  were  sim- 
ilar. In  either  case,  the  artifact  introduced  by  pres- 
surization of  the  PNT  died  out  so  quickly  that  it 
would  have  little  effect  on  any  measurement  in 
an  infant. 

Dose-Response  to  Inhaled  Nitric  Oxide  in  Acute 
Hypoxemic  Respiratory  Failure  of  Newborn 
Infants:  A  Preliminary  Report — C  Biihrer. 
G  Merker,  K  Falke.  H  Versmold,  M  Obladen.  Pe- 
diatr Pulmonol  1995:19:291. 

In  acute  hypoxemic  respiratory  failure  of  term  and 
near-term  neonates,  extra-  and  intrapulmonary 
right-to-left  shunting  contribute  to  refractory  hy- 
poxemia. Inhaled  nitric  oxide  (NO)  decreases  pul- 
monary arterial  pressure  and  improves  ventilation- 
perfusion  mismatch  in  a  variety  of  animal  models 
and  selected  human  patients.  We  report  on  10  con- 
secutive term  and  near-term  newborns  with  se- 
vere acute  hypoxemic  respiratory  failure  due  to 
diaphragmatic  hernia,  meconium  aspiration  syn- 
drome, group  B  streptococcus  sepsis,  pneumo- 
nia or  acute  respiratory  distress  syndrome,  who 
received  increasing  doses  of  inhaled  NO  (up  to 
80  ppm)  to  improve  the  arterial  partial  pressure 
of  oxygen  (Pao:).  The  response  to  NO  and  the  op- 
timum NO  concentration  which  improved  Pan; 
varied  considerably  between  patients.  Improve- 
ment of  Pao,  was  absent  or  poor  ( less  than  10  mm 
Hg)  in  the  4  newborns  with  meconium  aspiration 
syndrome  and  in  1  patient  with  congenital  dia- 
phragmatic hernia,  while  in  the  other  5  patients 
inhaled  NO  increased  the  mean  (±  SE)  Pacj,  from 
41+6  to  57  ±  9  mm  Hg  (p  <0.05).  Optimum  NO 
concentrations  determined  by  dose-response  mea- 
surements performed  during  the  first  8  hr  of  NO 
inhalation  were  8-16  ppm  except  for  2  newborns 
with  congenital  diaphragmatic  hernia  w  ho  required 
32  ppm  to  effectively  increase  Pao:.  Four  of  the 
5  patients  in  whom  the  P,o,  rose  by  more  than  10 
mm  Hg  received  inhaled  NO  for  extended  peri- 
ods of  time  (5  to  23  days)  with  no  signs  of  tachy- 
phj  laxis.  The  optimum  NO  concentration  dropped 
to  less  than  3  ppm  after  prolonged  mechanical  ven- 
tilation or  when  intravenous  prostacyclin  w  as  given 
concomitantly .  The  response  to  inhaled  NO  and 
the  optimum  NO  concentration  to  improve  arterial 
oxygenation  were  virtually  identical  with  con- 
ventional and  high-frequency-oscillator)  venti- 
lation (HFO).  We  conclude  that  the  optimal  con- 
centration of  NO  to  improve  P.,,  > .  of  neonates  with 
acute  hypoxemic  respiratory  failure  varies  con- 
siderably between  patients,  shows  temporal  san- 
ations, and  requires  indi\  idual  and  repeated  ad- 
justments of  the  concentration  of  inhaled  NO. 


912 


Respiratory  Carl:  •  September  '95  Vol  40  No  9 


CPAP 


Always 

A  Step  Ahead! 

Evita  makes  work  of  breathing 
even  easier! 


0.5  t(s) 


Occlusion-pressure 


■10: ■ :. 

0  1  2 

Intrinsic  PEEP 


Now  Drager  provides  you  with  two  more 
powerful  tools  to  optimize  weaning  of  your 
patients. 

Introducing  Flowtrigger  without  increase  of 
expiratory  resistance,  combined  with  P01 
measurement  to  determine  the  patients 
ventilatory  drive. 

To  extend  monitoring  capabilities  Evita  now 
includes  the  ability  to  measure  Intrinsic 
Peep  with  the  display  of  Trapped  Volume. 

With  Drager  you  can  stay  one  step  ahead  in 
providing  safe,  patient  friendly  ventilation. 
For  the  difference  your  patients  can  feel, 
choose... 

Drager:  Technology  for  Life 


Drager 

Technology  for  life 

4101  Pleasant  Valley  Road     Suite  100     Chantilly.  VA  22021 
Tel  (703)  817-0100     Fax  (703)  817-0101 


Circle  101  on  reader  service  card 


Abstracts 


Functional  Residual  Capacity  (FRO  Mea- 
surements In  Plethysmography  and  Helium 
Dilution    in    Normal    Infants — K    McCoy. 

RG  Castile.  ED  Allen.  DA  Filbrun,  RL  Flucke, 
E  Bar-Yishay.  Pediatr  Pulmonol  1995:19:282. 

Comparative  measurements  of  functional  resid- 
ual capacity  (FRC)  made  by  plethysmography 
(FRCpi,.,i,)and  by  helium  dilution  (FRChc)  were 
obtained  on  27  infants  and  young  children  with- 
out known  pulmonary  disease  (14  males.  13  fe- 
males; 4  weeks-26  months:  mean  age  32.2  weeks) 
while  under  chloral  hydrate  sedation.  Clinical  his- 
tories, clinical  examinations,  and  pulmonary  func- 
tions were  normal  for  all  members  of  the  group. 
FRCpiethi  whether  measured  near  end  expiration 
( EE )  or  near  end  inspiration  ( EI ).  and  corrected 
to  mean  expiratory  levels  of  at  least  3  breathing 
cycles,  was  consistently  and  significantly  greater 
than  FRChc.  Comparative  values  for  mean  (±  stan- 
dard deviation)  were  FRCpiat,  EE,  182.0  (±  79.7) 
mL :ind  FRCpWl  EI.  171.8  (±77.4)  mL  vs FRCHe. 
154  (±  72.2)  mL.  p  <0.000l  and  p  <0.005.  re- 
spectively. Normalizing  values  by  weight.  FRCp]eih 
EE  was  23.8  (±  5.3)  mL/kg  vs  FRCHc  20.2  (±4.7) 
mL/kg,  mean  (±  standard  deviation).  The  dif- 
ference between  FRCp|cih  and  FRCHe.  expressed 
as  FRCpielh  -  FRCHe/FRCp|elh  x  100.  was  9%  for 
occlusions  at  end  inspiration  and  16%  for  occlu- 
sions at  end  expiration.  The  following  equations 
describe  our  FRC  results  in  relation  to  length:  In 

(FRCHe)  =  2.74  x  In  (length)  -6.53 

r  =  0.781 

slope  =  2.74  ±  0.29  SE 

Y  intercept  =  6.53  ±  1.12  SE 

In  ( FRCpieu,  EI)  =  2.69  x  In  (length)  - 6.2 1 

H  =  0.752 

slope  =  2.69  ±  0.3 1  SE 

Y  intercept  =  6.2 1  ±  1 .29  SE 

The  difference  between  FRCpit.ih  and  FRChc  was 
more  marked  when  occlusions  were  performed 
at  end  expiration  than  at  end  inspiration.  We  con- 
clude that  normal  infants  and  young  children,  at 
least  when  studied  supine  and  sedated,  have  a  small 
hul  significant  amount  of  airway  closure. 

Does  Continuous  Positive  Airway  Pressure 
(CPAP)  during  Weaning  from  Intermittent 
Mandatory  Ventilation  in  Very  Low  Birth- 
weight  Infants  Have  Risks  or  Benefits?  A  Con- 
trolled Trial — Jl.  Tapia,  A  Bancalari.  A  Gonzalez, 
ME  Mercado.  Pediatr  Pulmonol  1995:19:269. 

OBJECTIVE:  The  purpose  of  this  study  was  to 
evaluate  three  ventilator  weaning  strategies  and 
to  evaluate  whether  the  use  of  continuous  posi- 
tive airway  pressure  (CPAP)  via  a  nasopharyn- 
geal or  endotracheal  lube  would  increase  the  like- 
lihood ol  extubation  failure  in  very  low  birthweight 
i  VI. HWi  infants.  STUDY  DESIGN:  We  studied 

prospectively  X7  preterm  infants  (mean  ±  SD; 
birthweight  1078+  188  g;  gestational  age:  28, 8 


±  2.2  weeks)  who  were  in  the  process  of  being 
weaned  from  intermittent  mandatory  ventilation 

(IMV).  Infants  were  assigned  by  systematic  sam- 
pling to  one  of  the  following  three  treatment 
groups:  ( 1  )  direct  extubation  from  IMV  (D.EXT) 
(n  =  30);  (2)  pre-extubation  endotracheal  CPAP 
(ET-CPAP)  for  12-24  hr  (n  =  28);  or  (3)  post- 
extubation  nasopharyngeal  CPAP  (NP-CPAP)  for 
12-24  hr(n  =  29).  Failure  was  defined  as  the  need 
for  resumption  of  mechanical  ventilation  within 
72  hr  of  extubation  due  to  frequent  or  severe  apnea 
and/or  respiratory  failure  (pH  <7.25,  Paco:  >60 
mm  Hg.  and/or  requirement  for  oxygen  Fio:  > 
60%).  RESULTS:  There  were  no  significant  dif- 
ferences in  failure  rates  among  the  three  proce- 
dures. Failures  were  2/30  (7%)  in  D.EXT;  4/28 
(14%)  in  ET-CPAP;  and  7/29  (24%)  in  the 
NP-CPAP.  There  were  also  no  differences  in  FiU;. 
Pao;.  and  respiratory  rates  before  and  after  dis- 
continuation of  IMV  among  the  three  groups.  PacO: 
values  were  slightly  higher  in  the  NP-CPAP  group 
12-24  hr  after  weaning  from  IMV.  CONCLU- 
SION: We  were  unable  to  demonstrate  a  clear  dif- 
ference in  extubation  outcome  by  use  of  CPAP 
administered  via  an  endotracheal  or  nasopha- 
ryngeal tube  when  compared  to  direct  extubation 
from  low-rate  IMV  in  VLBW  infants. 

The  Use  of  Capnography  for  Recognition  of 
Esophageal  Intubation  in  the  Neonatal  In- 
tensive Care  Unit — WA  Roberts.  WM  Manis- 
calco,  AR  Cohen,  RS  Litman,  A  Chhibber.  Pe- 
diatr Pulmonol  1995:19:262. 

Failure  to  recognize  esophageal  intubation  can  re- 
sult in  severe  hypoxia  and  permanent  neurolog- 
ic injury.  Capnography  is  a  standard  monitoring 
modality  in  the  operating  room  but  has  not  been 
utilized  fully  in  other  environments.  We  used 
capnography  at  the  time  of  endotracheal  intuba- 
tion in  the  neonatal  intensive  care  unit  (NICU)  to 
determine  whether  capnography  could  more  quick- 
ly and  accurately  identify  endotracheal  lube  po- 
sition than  other  clinical  indicators  of  endotracheal 
tube  position.  One  hundred  intubation  episodes 
were  studied  in  55  neonates.  Capnograms  were 
obtained  15  and  120  sec  following  tube  placement. 
Intubating  personnel  were  blinded  to  the  capno- 
graphic  data  and  determined  endotracheal  tube  lo- 
cation (trachea  vs  esophagus)  by  clinical  criteria 
only.  The  sensitivity  and  specificity  of  capnog- 
raphy and  clinical  examination  for  identification 
of  tube  position  were  analyzed,  and  the  time  re- 
quired for  establishing  by  clinical  confirmation 
whether  the  tube  was  in  ihe  trachea  or  not  was 
compared  to  that  required  for  capnography.  Forty 
of  100  intubation  attempts  resulted  in  esophageal 
intubation.  Capnography  correctly  identified  these 
errant  tube  placements  in  39  of  40  instances  and 
did  so  in  1.6  sec  (SD±  2.4).  Capnography  failed 
to  identify  successful  endotracheal  intubation  on 
only  one  occasion.  Clinical  indicators  of  tube  po- 
siiion  required  97. 1  sec  (SD  ±  92.6)  to  identify 
.in  esophageal  intubation  and  tailed  to  identify  suc- 


cessful endotracheal  intubation  in  5  of  60  cases. 
We  conclude  thai  capnography  is  a  valuable  ad- 
junct to  clinical  examination  to  demonstrate 
whether  an  endotracheal  tube  is  placed  correct- 
ly in  the  trachea  of  neonates  in  the  NICU. 

Electrocardiographic  Monitoring  during  Car- 
diac Rehabilitation — SJ  Keteyian,  PA  Mellett. 
FJ  Fedel  CM  McGowan.  PD  Stein.  Chest  1995: 
107(5):1242. 

STUDY  OBJECTIVE:  This  investigation  com- 
pares the  frequency  of  cardiac  events  during  ECG- 
monitored  cardiac  rehabilitation  in  patients  who 
meet  the  American  College  of  Cardiology  (ACC) 
criteria  for  monitoring,  to  the  frequency  of  events 
in  patients  in  the  same  program  who  do  not  meet 
the  ACC  criteria  DESIGN  AND  PATIENTS:  Pa- 
tient charts  (n  =  289)  from  a  10-month  period  were 
retrospectively  reviewed  for  ( 1 )  major  and  minor 
cardiovascular  events.  (2)  whether  a  physician  was 
contacted,  and  ( 3 )  what  change,  if  any.  was  made 
in  their  care  plan  as  a  result.  RESULTS:  There 
were  no  sudden  deaths,  fatal  or  nonfatal  myocardial 
infarctions,  or  sustained  arrhythmias  requiring  hos- 
pitalizations. The  overall  rate  for  minor  events 
(angina,  nonsustained  arrhythmia,  ST  segment  de- 
pression) was  26.6%,  with  no  difference  noted  be- 
tween men  and  women.  The  rate  for  a  new-onset, 
asymptomatic  event  was  3.8%.  The  rate  of  minor 
events  was  greater  in  patients  who  met  the  ACC 
criteria  vs  those  who  did  not  (p  <0.01 ).  with  no 
detectable  difference  noted  between  the  two  groups 
regarding  the  rate  of  new-onset,  asymptomatic 
events.  Four  patients  ( 1 .4% )  experienced  a  change 
in  their  care  plan  as  a  result  of  ECG  monitoring. 
CONCLUSIONS:  The  occurrence  of  a  minor  car- 
diovascular event  is  common  during  phase  2  car- 
diac rehabilitation,  and  existing  criteria  satis- 
factorily distinguish  those  patients  at  high  risk  for 
experiencing  such  ail  event.  However,  the  rate  for 
new-onset,  asymptomatic  events  is  rare  for  both 
patients  classified  at  high  risk  and  those  classi- 
fied not  to  be  at  high  risk.  Also,  only  four  patients 
experienced  a  change  in  therapy  secondary  to  an 
event  identified  by  ECG  monitoring.  See  the  re- 
lured  editorial:  Cardiac  Rehabilitation  and 
Health-Care  Reform — CJ  Lavie,  RV  Milani. 
Chest  1995:107(5):!  189-1190. 

Is  Tracheal  Gas  Insufflation  an  Alternative  to 
Extrapulmonary  Gas  Exchangers  in  Severe 
ARDS?  M  Belghith.  L  Fierobe.  F  Brunet. 
M  Monchi,  JP  Mira.  Chest  1995:107(5):  1416. 

Tracheal  gas  insufflation  (TGIl  of  pure  oxygen 
combined  with  mechanical  ventilation  decreas- 
es dead  space  and  increases  CO:  clearance.  In  the 
present  study.  TGI  was  used  in  six  patients  with 
ARDS  who  met  extracorporeal  membrane  oxy- 
genation criteria  and  who  were  severely  hypox- 
emic and  h\  percapnic  despite  optimal  pressure- 
controlled  ventilation.  This  open  clinical  stud) 
aimed  to  investigate  the  effects  of  4  1./  mincon- 
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Now  There's 

An  Easier  Way  To  Take 

Control  Of  Your  Blood 

Gas  Documentation 


IMPACT 


ILs  IMPACT  5.0 
Blood  Gas  Data 
Management  System. 

ILs  IMPACT  blood  gas  data  management 
system  gives  you  effortless  control  of  your 
patient  data,  QC,  regulatory  documentation 
and  diagnostic  report  generation  whether 
you're  managing  just  one  analyzer  or 
systems  thoughout  the  hospital. 
IMPACT . .  . 

•  Captures  all  your  patient,  calibration 
and  maintenance  data  on  line,  including 
document  edits  and  QC  violations/ 
corrections. 

•  Transforms  data  into  meaningful 
diagnostic  reports  and  provides  docu- 
mentation you'll  need  for  regulatory 
compliance. 

•  Networking  capabilities  link  all  your 
blood  gas/CO-Oximeter  analyzers  into 
one  system,  under  your  control. 

•  Can  bidirectionally  interface  with 
your  HIS  or  LIS  to  improve  efficiency 
and  eliminate  errors  in  billing,  report 
generation  and  data  management. 
Total  blood  gas  control  is  now  just  a 
simple  keystroke  away.  Contact  your  IL 
representative  for  a  demonstration  of  the 
IMPACT  system. 

Call  1-800-955-9525 
or  FAX  1-617-861-1908. 

In  Canada,  call  Couller  Electronics  of  Canada,  Ltd., 
l-800-2(i8-5837 

Circle  100  on  reader  service  card 
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SereVent 

(salmeterol  xinofoote) 


Serevent®  brief  summary 

(salmeterol  xinafoate) 
Inhalation  Aerosol 

Bronchodilator  Aerosol 
For  Oral  Inhalation  Only 

The  following  is  a  brief  summary  only  Before  prescribing,  see  complete  prescribing  information  in 
Serevent8  Inhalation  Aerosol  product  labeling. 

CONTRAINDICATIONS:  Serevent*  Inhalation  Aerosol  is  contraindicated  in  patients  with  a  history  of 
hypersensitivity  to  any  of  the  components 

WARNINGS: 

IMPORTANT  INFORMATION:  SEREVENT    INHALATION  AEROSOL  SHOULD  NOT  BE  INITIATED  IN 
PATIENTS  WITH  SIGNIFICANTLY  WORSENING  OR  ACUTELY  DETERIORATING  ASTHMA,  WHICH 
MAY  BE  A  LIFE-THREATENING  CONDITION.  Serious  acute  respiratory  events,  including  fatali- 
ties, have  been  reported,  both  in  the  US  and  worldwide,  when  Serevent  Inhalation  Aerosol 
has  been  initiated  in  this  situation. 

Although  it  is  not  possible  from  these  reports  to  determine  whether  Serevent  Inhalation 
Aerosol  contributed  to  these  adverse  events  or  simply  failed  to  relieve  the  deteriorating 
asthma,  the  use  of  Serevent  Inhalation  Aerosol  in  this  setting  is  inappropriate. 

SEREVENT  INHALATION  AEROSOL  SHOULD  NOT  BE  USED  TO  TREAT  ACUTE  SYMPTOMS.  It  is 
crucial  to  inform  patients  of  this  and  prescribe  a  short-acting,  inhaled  beta2-agonist  for  this 
purpose  as  well  as  warn  them  that  increasing  inhaled  beta2-agonist  use  is  a  signal  of  dete- 
riorating asthma. 

SEREVENT  INHALATION  AEROSOL  IS  NOT  A  SUBSTITUTE  FOR  INHALED  OR  ORAL  CORTICO- 
STEROIDS. Corticosteroids  should  not  be  stopped  or  reduced  when  Serevent  Inhalation 
Aerosol  is  initiated. 

(See  PRECAUTIONS:  Information  for  Patients  section  of  the  full  prescribing  information 
and  the  separate  PATIENT'S  INSTRUCTIONS  FOR  USE  leaflet.) 

1 .  Do  Not  Introduce  Serevent  Inhalation  Aerosol  as  a  Treatment  for  Acutely  Deteriorating  Asthma: 
Serevent  Inhalation  Aerosol  is  intended  for  the  maintenance  treatment  of  asthma  (see  INDICATIONS 

i    and  USAGE  section  of  the  full  prescribing  information!  and  should  not  be  introduced  in  acutely  dete- 
riorating asthma,  which  is  a  potentially  life-threatening  condition.  There  are  no  data  demonstrating 
that  Serevent  Inhalation  Aerosol  provides  greater  efficacy  than  or  additional  efficacy  to  short-acting, 
inhaled  beta2-agonists  in  patients  with  worsening  asthma.  Serious  acute  respiratory  events,  includ- 
ing fatalities,  have  been  reported,  both  in  the  US  and  worldwide,  in  patients  receiving  Serevent 
Inhalation  Aerosol  In  most  cases,  these  have  occurred  in  patients  with  severe  asthma  (e.g., 
patients  with  a  history  of  corticosteroid  dependence,  low  pulmonary  function,  intubation,  mechani- 
cal ventilation,  frequent  hospitalizations,  or  previous  life-threatening  acute  asthma  exacerbations) 
and/or  in  some  patients  in  whom  asthma  has  been  acutely  deteriorating  (e.g..  unresponsive  to 
usual  medications,  increasing  need  for  inhaled  short-acting  betaragonists,  increasing  need  for  sys- 
temic corticosteroids,  significant  increase  in  symptoms,  recent  emergency  room  visits,  sudden  or 
progressive  deterioration  in  pulmonary  function)  However,  they  have  occurred  in  a  few  patients 
with  less  severe  asthma  as  well  It  was  not  possible  from  these  reports  to  determine  whether 
Serevent  Inhalation  Aerosol  contributed  to  these  events  or  simply  failed  to  relieve  the  deteriorating 
asthma. 

2.  Do  Not  Use  Serevent  Inhalation  Aerosol  to  Treat  Acute  Symptoms:  A  short-acting,  inhaled  beta2- 
agonist.  not  Serevent  Inhalation  Aerosol,  should  be  used  to  relieve  acute  asthma  symptoms.  When 
prescribing  Serevent  Inhalation  Aerosol,  the  physician  must  also  provide  the  patient  with  a  short- 
acting,  inhaled  beta2- agonist  (e.g.,  albuterol)  for  treatment  of  symptoms  that  occur  acutely,  despite 
regular  twice  daily  (morning  and  evening)  use  of  Serevent  Inhalation  Aerosol 

When  beginning  treatment  with  Serevent  Inhalation  Aerosol,  patients  who  have  been  taking  short- 
acting,  inhaled  beta2-agonists  on  a  regular  basis  (e.g..  q.i.d.)  should  be  instructed  to  discontinue  the 
regular  use  of  these  drugs  and  use  them  only  for  symptomatic  relief  if  they  develop  acute  asthma 
symptoms  while  taking  Serevent  Inhalation  Aerosol  (see  PRECAUTIONS:  Information  for  Patients). 
3  Watch  for  Increasing  Use  of  Short-Acting,  Inhaled  Beta^-Agonists.  Which  Is  a  Marker  of 
Deteriorating  Asthma:  Asthma  may  deteriorate  acutely  over  a  period  of  hours  or  chronically  over 
several  days  or  longer  If  the  patient's  short-acting,  inhaled  beta2-agonist  becomes  less  effective  or 
the  patient  needs  more  inhalations  than  usual,  this  may  be  a  marker  of  destabilization  of  asthma.  In 
this  setting,  the  patient  requires  immediate  re-evaluation  with  reassessment  of  the  treatment  regi- 
men, giving  special  consideration  to  the  possible  need  for  corticosteroids  If  the  patient  uses  four  or 
more  inhalations  per  day  of  a  short-acting,  inhaled  beta2-agonist  for  2  or  more  consecutive  days,  or 
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rt  more  than  one  canister  (200  inhalations  per  canister)  of  short-acting,  inhaled  beta2-agonist  is  used 
in  an  8-week  period  in  conjunction  with  Serevent  Inhalation  Aerosol,  then  the  patient  should  consult 
the  physician  for  re-evaluation  Increasing  the  daily  dosage  of  Serevent  Inhalation  Aerosol  in  this 
situation  is  not  appropriate.  Serevent  Inhalation  Aerosol  should  not  be  used  more  frequently 
than  twice  daily  (morning  and  evening)  at  the  recommended  dose  of  two  inhalations. 

4  Do  Not  Use  Serevent  Inhalation  Aerosol  as  a  Substitute  for  Oral  or  Inhaled  Corticosteroids:  There 
are  no  data  demonstrating  that  Serevent  Inhalation  Aerosol  has  a  clinical  anti-inflammatory  effect 
and  could  be  expected  to  take  the  place  of,  or  reduce  the  dose  of  corticosteroids.  Patients  who 
already  require  oral  or  inhaled  corticosteroids  for  treatment  of  asthma  should  be  continued  on  this 
type  of  treatment  even  if  they  feel  better  as  a  result  of  initiating  Serevent  Inhalation  Aerosol.  Any 
change  in  corticosteroid  dosage  should  be  made  ONLY  after  clinical  evaluation  (see  PRECAUTIONS: 
Information  for  Patients). 

5  Do.Ngt  Exceed  Recommended  Dosage  As  with  other  inhaled  beia2-adrenergic  drugs,  Serevent 
Inhalation  Aerosol  should  not  be  used  more  often  or  at  higher  doses  than  recommended.  Fatalities 
have  been  reported  in  association  with  excessive  use  of  inhaled  sympathomimetic  drugs  Large 
doses  of  inhaled  or  oral  salmeterol  (1 2  to  20  times  the  recommended  dose)  have  been  associated 
with  clinically  significant  prolongation  of  the  QT  interval,  which  has  the  potential  for  producing  ven- 
tricular arrhythmias. 

6.  Paradoxical  Bronchospasm:  As  with  other  inhaled  asthma  medication,  paradoxical  bron- 
chospasm  (which  can  be  life  threatening)  has  been  reported  following  the  use  of  Serevent 
Inhalation  Aerosol  If  it  occurs,  treatment  with  Serevent  Inhalation  Aerosol  should  be  discontinued 
immediately  and  alternative  therapy  instituted. 

7  Immediate  Hypersensitivity  Reactions:  Immediate  hypersensitivity  reactions  may  occur  after 
administration  of  Serevent  Inhalation  Aerosol,  as  demonstrated  by  rare  cases  of  urticaria, 
angioedema,  rash,  and  bronchospasm. 

8  Upper  Airway  Symptoms:  Symptoms  of  laryngeal  spasm,  irritation,  or  swelling,  such  as  stridor 
and  choking,  have  been  reported  rarely  in  patients  receiving  Serevent  Inhalation  Aerosol. 
PRECAUTIONS: 

General:  1 .  Use  With  Spacer  or  Other  Devices  The  safety  and  effectiveness  of  Serevent®  Inhalation 
Aerosol  when  used  with  a  spacer  or  other  devices  have  not  been  adequately  studied 

2  Cardiovascular  and  Other  Effects  No  effect  on  the  cardiovascular  system  is  usually  seen  after 
the  administration  of  inhaled  salmeterol  in  recommended  doses,  but  the  cardiovascular  and  central 
nervous  system  effects  seen  with  all  sympathomimetic  drugs  (eg,  increased  blood  pressure,  heart 
rate,  excitement)  can  occur  after  use  of  Serevent  Inhalation  Aerosol  and  may  require  discontinuation 
of  the  drug.  Salmeterol,  like  all  sympathomimetic  amines,  should  be  used  with  caution  in  patients 
with  cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac  arrhythmias,  and  hyperten- 
sion; in  patients  with  convulsive  disorders  or  thyrotoxicosis;  and  in  patients  who  are  unusually 
responsive  to  sympathomimetic  amines. 

As  has  been  described  with  other  beta-adrenergic  agonist  bronchodilators,  clinically  significant 
changes  in  systolic  and/or  diastolic  blood  pressure,  pulse  rate,  and  electrocardiograms  have  been 
seen  infrequently  in  individual  patients  in  controlled  clinical  studies  with  salmeterol. 

3.  Metabolic  Effects:  Doses  of  the  related  beta2-adrenoceptor  agonist  albuterol,  when  adminis- 
tered intravenously,  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoacido- 
sis. No  effects  on  glucose  have  been  seen  with  Serevent  Inhalation  Aerosol  at  recommended  doses 
Administration  of  beta2-adrenoceptor  agonists  may  cause  a  decrease  in  serum  potassium,  possibly 
through  intracellular  shunting,  which  has  the  potential  to  increase  the  likelihood  of  arrhythmias.  The 
decrease  is  usually  transient,  not  requiring  supplementation. 

Clinically  significant  changes  in  blood  glucose  and/or  serum  potassium  were  seen  rarely  during 
clinical  studies  with  long-term  administration  of  Serevent  Inhalation  Aerosol  at  recommended  doses 
Information  for  Patients:  See  illustrated  Patient's  Instructions  for  Use  leaflet  SHAKE  WELL 
BEFORE  USING 

It  is  important  that  patients  understand  how  to  use  Serevent  Inhalation  Aerosol  appropriately  and 
how  it  should  be  used  in  relation  to  other  asthma  medications  they  are  taking.  Patients  should  be 
given  the  following  information: 
1  Shake  well  before  using. 

2.  The  recommended  dosage  (two  inhalations  twice  daily,  morning  and  evening)  should  not  be 
exceeded. 

3  Serevent  Inhalation  Aerosol  is  not  meant  to  relieve  acute  asthma  symptoms  and  extra  doses 
should  not  be  used  for  that  purpose.  Acute  symptoms  should  be  treated  with  a  short-acting, 
inhaled  beta2-agonist  such  as  albuterol  (the  physician  should  provide  the  patient  with  such  med- 
ication and  instruct  the  patient  in  how  it  should  be  used). 

4.  The  physician  should  be  notified  immediately  if  any  of  the  following  situations  occur,  which  may 
be  a  sign  of  seriously  worsening  asthma. 

•  Decreasing  effectiveness  of  short-acting,  inhaled  beta2-agonists 

•  Need  for  more  inhalations  than  usual  of  short-acting,  inhaled  beta2-agonists 

•  Use  of  four  or  more  inhalations  per  day  of  a  short-acting  betaz-agonist  for  2  or  more  days 
consecutively 

•  Use  of  more  than  one  canister  of  a  short-acting,  inhaled  beta2-agonist  in  an  8-week  period 
(i.e.,  canister  with  200  inhalations) 

5  Serevent  Inhalation  Aerosol  should  not  be  used  as  a  substitute  for  oral  or  inhaled  corticosteroids. 
The  dosage  of  these  medications  should  not  be  changed  and  they  should  not  be  stopped  without 
consulting  the  physician,  even  if  the  patient  feels  better  after  initiating  treatment  with  Serevent 
Inhalation  Aerosol. 

6.  Patients  should  he  cautioned  regarding  potential  adverse  cardiovascular  effects,  such  as  palpita- 
tions or  chest  pain,  related  to  the  use  of  additional  beta2-agonist. 

7.  In  patients  receiving  Serevent  Inhalation  Aerosol,  other  inhaled  medications  should  be  used  only 
as  directed  by  the  physician. 

8.  When  using  Serevent  Inhalation  Aerosol  to  prevent  exercise-induced  bronchospasm,  patients 
should  take  the  dose  at  least  30  to  60  minutes  before  exercise 

Drug  Interactions:  Short-Acting  Beta-Agonists:  In  the  two  3-month,  repetitive-dose  clinical  trials 
(n=1 84),  the  mean  daily  need  for  additional  beta2-agonist  use  was  1  to  1  Va  inhalations  per  day,  but 
some  patients  used  more.  Eight  percent  of  patients  used  at  least  eight  inhalations  per  day  at  least 
on  one  occasion  Six  percent  used  9  to  12  inhalations  at  least  once.  There  were  15  patients  (8%) 
who  averaged  over  four  inhalations  per  day.  Four  of  these  used  an  average  of  8  to  1 1  inhalations 
per  day.  In  these  1 5  patients  there  was  no  observed  increase  in  frequency  of  cardiovascular  adverse 
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events  The  safety  of  concomitant  use  ot  more  than  eight  inhalations  per  day  of  short-acting 
betaj-agomsts  with  Serevent  Inhalation  Aerosol  has  not  been  established  In  1 5  patients  who  expe- 
rienced worsening  of  asthma  while  receiving  Serevent  Inhalation  Aerosol,  nebulized  albuterol  (one 
dose  in  most)  led  to  improvement  in  forced  expiratory  volume  in  1  second  (FEV,)  and  no  increase  in 
occurrence  ot  cardiovascular  adverse  events. 

Monoamine  Oxidase  Inhibitors  and  Tricyclic  Antidepressants:  Salmeterol  should  be  adminis- 
tered with  extreme  caution  to  patients  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic 
antidepressants  because  the  action  of  salmeterol  on  the  vascular  system  may  be  potentiated  by 
these  agents 

Corticosteroids  and  Cromoglycate:  In  clinical  trials,  inhaled  corticosteroids  and/or  inhaled  cro- 
molyn sodium  did  not  alter  the  safety  profile  ot  Serevent  Inhalation  Aerosol  when  administered  con- 
currently 

Methylxanthines:  The  concurrent  use  of  intravenously  or  orally  administered  methylxanthines 
(e  g  aminophylline.  theophylline)  by  patients  receiving  Serevent  Inhalation  Aerosol  has  not  been 
completely  evaluated.  In  one  clinical  trial,  87  patients  receiving  Serevent  Inhalation  Aerosol  42  meg 
twice  daily  concurrently  with  a  theophylline  product  had  adverse  event  rates  similar  to  those  in  71 
patients  receiving  Serevent  Inhalation  Aerosol  without  theophylline  Resting  heart  rates  were  slightly 
higher  in  the  patients  on  theophylline  but  were  little  affected  by  Serevent  Inhalation  Aerosol  therapy. 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility:  In  an  18-month  oral  carcinogenicity  study 
in  CD-mice,  salmeterol  xinafoate  caused  a  dose-related  increase  in  the  incidence  of  smooth  muscle 
hyperplasia,  cystic  glandular  hyperplasia,  and  leiomyomas  of  the  uterus  and  a  dose-related  increase 
in  the  incidence  of  cysts  in  the  ovaries,  A  higher  incidence  of  leiomyosarcomas  was  not  statistically 
significant;  tumor  findings  were  observed  at  oral  doses  of  1 ,4  and  10  mg/kg,  which  gave  9  and  63 
times,  respectively,  the  human  exposure  based  on  rodent  human  AUC  comparisons. 

Salmeterol  caused  a  dose-related  increase  in  the  incidence  of  mesovanan  leiomyomas  and  ovar- 
ian cysts  in  Sprague  Dawley  rats  in  a  24-month  inhalation/oral  carcinogenicity  study  Tumors  were 
observed  in  rats  receiving  doses  of  0.68  and  2  58  mg/kg  per  day  (about  55  and  215  times  the  rec- 
ommended clinical  dose  [mg/mT)  These  findings  in  rodents  are  similar  to  those  reported  previously 
for  other  beta-adrenergic  agonist  drugs  The  relevance  ot  these  findings  to  human  use  is  unknown 

No  significant  effects  occurred  in  mice  at  0  2  mg/kg  (1.3  times  the  recommended  clinical  dose 
based  on  comparisons  of  the  AUCs)  and  in  rats  at  0.21  mg/kg  (1 5  times  the  recommended  clinical 
dose  on  a  mg/m'  basis) 

Salmeterol  xinafoate  produced  no  detectable  or  reproducible  increases  in  microbial  and  mam- 
malian gene  mutation  m  vitro  No  blastogenic  activity  occurred  in  vitro  in  human  lymphocytes  or  in 
vivo  in  a  rat  micronucleus  test  No  effects  on  fertility  were  identified  in  male  and  female  rats  treated 
orally  with  salmeterol  xinafoate  at  doses  up  to  2  mg/kg  orally  (about  1 60  times  the  recommended 
clinical  dose  on  a  mg/nv  basis) 

Pregnancy:  Teratogenic  Effects:  Pregnancy  Category  C:  No  significant  effects  of  maternal  expo- 
sure to  oral  salmeterol  xinafoate  occurred  in  the  rat  at  doses  up  to  the  equivalent  of  about  1 60 
times  the  recommended  clinical  dose  on  a  mg/nv  basis.  Dutch  rabbit  fetuses  exposed  to  salmeterol 
xinafoate  in  utero  exhibited  effects  characteristically  resulting  from  beta-adrenoceptor  stimulation; 
these  included  precocious  eyelid  openings,  cleft  palate,  stemebral  fusion,  limb  and  paw  flexures, 
and  delayed  ossification  of  the  frontal  cranial  bones.  No  significant  effects  occurred  at  0.6  mg/kg 
given  orally  (12  times  the  recommended  clinical  dose  based  on  comparison  of  the  AUCs). 

New  Zealand  White  rabbits  were  less  sensitive  since  only  delayed  ossification  of  the  frontal 
bones  was  seen  at  1 0  mg/kg  given  orally  (approximately  1 ,600  times  the  recommended  clinical 
dose  on  a  mg/nv  basis)  Extensive  use  of  other  beta-agonists  has  provided  no  evidence  that  these 
class  effects  in  animals  are  relevant  to  use  in  humans.  There  are  no  adequate  and  well-controlled 
studies  with  Serevent  Inhalation  Aerosol  in  pregnant  women  Serevent  Inhalation  Aerosol  should  be 
used  during  pregnancy  only  if  the  potential  benefit  justifies  the  potential  risk  to  the  fetus 

Use  in  Labor  and  Delivery:  There  are  no  well-controlled  human  studies  that  have  investigated 
effects  of  salmeterol  on  preterm  labor  or  labor  at  term  Because  of  the  potential  for  beta-agonist 
interference  with  uterine  contractility,  use  of  Serevent  Inhalation  Aerosol  during  labor  should  be 
restricted  to  those  patients  in  whom  the  benefits  clearly  outweigh  the  risks. 

Nursing  Mothers:  Plasma  levels  of  salmeterol  after  inhaled  therapeutic  doses  are  very  low  (85  to 
200  pg/mL)  in  humans  In  lactating  rats  dosed  with  radiolabeled  salmeterol,  levels  of  radioactivity 
were  similar  in  plasma  and  milk  In  rats,  concentrations  of  salmeterol  in  plasma  and  milk  were  sim- 
ilar The  xinafoate  moiety  is  also  transferred  to  milk  in  rats  at  concentrations  of  about  half  the  corre- 
sponding level  in  plasma  However,  since  there  is  no  experience  with  use  of  Serevent  Inhalation 
Aerosol  by  nursing  mothers,  a  decision  should  be  made  whether  to  discontinue  nursing  or  to  dis- 
continue the  drug,  taking  into  account  the  importance  of  the  drug  to  the  mother  Caution  should  be 
exercised  when  salmeterol  xinafoate  is  administered  to  a  nursing  woman. 

Pediatric  Use:  The  safety  and  effectiveness  of  Serevent  Inhalation  Aerosol  in  children  younger  than 
12  years  of  age  have  not  been  established 

Geriatric  Use:  Of  the  total  number  of  patients  who  received  Serevent  Inhalation  Aerosol  in  all  clini- 
cal studies,  241  were  65  years  and  older  Geriatric  patients  (65  years  and  older)  with  reversible 
obstructive  airway  disease  were  evaluated  in  lour  well-controlled  studies  of  3  weeks'  to  3  months' 
duration  Two  placebo-controlled,  crossover  studies  evaluated  twice-daily  dosing  with  salmeterol  for 
21  to  28  days  in  45  patients  An  additional  75  geriatric  patients  were  treated  with  salmeterol  for  3 
months  in  two  large  parallel-group,  multicenter  studies.  These  120  patients  experienced  increases 
in  AM  and  PM  peak  expiratory  flow  rate  and  decreases  in  diurnal  variation  in  peak  expiratory  flow 
rate  similar  to  responses  seen  in  the  total  populations  of  the  two  latter  studies.  The  adverse  event 
type  and  frequency  in  geriatric  patients  were  not  different  from  those  of  the  total  populations  stud- 
ied 

No  apparent  differences  in  the  efficacy  and  safety  of  Serevent  Inhalation  Aerosol  were  observed 
when  geriatric  patients  were  compared  with  younger  patients  in  clinical  trials.  As  with  other 
beta2-agonists,  however,  special  caution  should  be  observed  when  using  Serevent  Inhalation 
Aerosol  in  elderly  patients  who  have  concomitant  cardiovascular  disease  that  could  be  adversely 
affected  by  this  class  of  drug  Based  on  available  data,  no  adjustment  of  salmeterol  dosage  in  geri- 
atric patients  is  warranted 

AOVERSE  REACTIONS:  Adverse  reactions  lo  salmeterol  are  similar  in  nature  to  reactions  to  other 
selective  beta2-adrenoceptot  agonists,  i.e  ,  tachycardia,  palpitations,  immediate  hypersensitivity 
reactions,  including  urticaria,  angioedema.  rash,  bronchospasm  (see  WARNINGS),  headache;  tremor, 
nervousness,  and  paradoxical  bronchospasm  (see  WARNINGS) 

Two  multicenter,  12-week,  controlled  studies  have  evaluated  twice  daily  doses  of  Serevent® 
Inhalation  Aerosol  in  patients  12  years  of  age  and  older  with  asthma  The  following  table  reports  the 
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Serevent   (salmeterol  xinafoate)  Inhalation  Aerosol 

Adverse  Experience  Incidence  in  Two  Large  12-Week  Clinical  Trials* 


Adverse  Event  Type 

Percent  of  Patients 

Placebo 

Serevent 

Albuterol 

n=187 

42mcgb.i.d.n=l84 

180  meg  q  id  n=185 

Ear,  nose,  and  throat 

Upper  respiratory 

tract  infection 

13 

14 

16" 

Nasopharyngitis 

12 

14 

11 

Disease  of  nasal 

cavity/sinus 

4 

6 

1 

Sinus  headache 

2 

4 

<1 

Gastrointestinal 

Stomachache 

0 

4 

0 

Neurological 

Headache 

23 

28 

27 

Tremor 

2 

4 

3 

Respiratory 

Cough 

6 

7 

3 

Lower  respiratory 

infection 

2 

4 

2 

•  The  only  adverse  experience  classified  as  serious  was  one  case  of  upper  respiratory  tract  infection  in  a 
patient  treated  with  albuterol. 

The  table  above  includes  all  events  (whether  considered  drug  related  or  nondrug  related  by  the 
investigator)  that  occurred  at  a  rate  of  over  3%  in  the  Serevent  Inhalation  Aerosol  treatment  group 
and  were  more  common  in  the  Serevent  Inhalation  Aerosol  group  than  in  the  placebo  group. 

Pharyngitis,  allergic  rhinitis,  dizziness/giddiness,  and  influenza  occurred  at  3%  or  more  but  were 
equally  common  on  placebo  Other  events  occurring  in  the  Serevent  Inhalation  Aerosol  treatment 
group  at  a  frequency  of  1  %  to  3%  were  as  follows; 

Cardiovascular:  Tachycardia,  palpitations. 

Ear,  Nose,  and  Throat:  Rhinitis,  laryngitis. 

Gastrointestinal:  Nausea,  viral  gastroenteritis,  nausea  and  vomiting,  diarrhea,  abdominal  pain. 

Hypersensitivity:  Urticaria 

Mouth  and  Teeth:  Dental  pain 

Musculoskeletal:  Pain  in  joint,  back  pain,  muscle  cramp/contraction,  myalgia/myositis,  muscular 
soreness 

Neurological:  Nervousness,  malaise/fatigue. 

Respiratory:  Tracheitis/bronchitis. 

Skin:  Rash/skin  eruption. 

Urogenital:  Dysmenorrhea 

In  small  dose-response  studies,  tremor,  nervousness,  and  palpitations  appeared  to  be  dose  related. 
Postmarketing  Experience:  In  extensive  US  and  worldwide  postmarketing  experience,  serious 
exacerbations  of  asthma,  including  some  that  have  been  fatal,  have  been  reported.  In  most  cases, 
these  have  occurred  in  patients  with  severe  asthma  and/or  in  some  patients  in  whom  asthma  has 
been  acutely  deteriorating  (see  WARNINGS  no  1).  but  they  have  occurred  in  a  few  patients  with 
less  severe  asthma  as  well.  It  was  not  possible  from  these  reports  to  determine  whether  Serevent 
Inhalation  Aerosol  contributed  to  these  events  or  simply  failed  to  relieve  the  deteriorating  asthma. 

Postmarketing  experience  includes  rare  reports  of  upper  airway  symptoms  ot  laryngeal  spasm, 
irritation,  or  swelling,  such  as  stridor  and  choking, 

OVERDOSAGE:  Overdosage  with  salmeterol  may  be  expected  to  result  in  exaggeration  of  the 
pharmacologic  adverse  effects  associated  with  beta-adrenoceptor  agonists,  including  tachycardia 
and/or  arrhythmia,  tremor,  headache,  and  muscle  cramps  Overdosage  with  salmeterol  can  lead  to 
clinically  significant  prolongation  of  the  OTc  interval,  which  can  produce  ventricular  arrhythmias 
Other  signs  of  overdosage  may  include  hypokalemia  and  hyperglycemia 

In  these  cases,  therapy  with  Serevent-  Inhalation  Aerosol  and  all  beta-adrenergic— stimulant 
drugs  should  be  stopped,  supportive  therapy  provided,  and  judicious  use  of  a  beta-adrenergic 
blocking  agent  should  be  considered,  bearing  in  mind  the  possibility  that  such  agents  can  produce 
bronchospasm  Cardiac  monitoring  is  recommended  in  cases  of  overdosage. 

As  with  all  sympathomimetic  pressurized  aerosol  medications,  cardiac  arrest  and  even  death 
may  be  associated  with  abuse  of  Serevent  Inhalation  Aerosol 

Rats  and  dogs  survived  the  maximum  practicable  inhalation  doses  of  salmeterol  of  2.9  and 
0  7  mg/kg,  respectively.  The  maximum  nonlethal  oral  doses  in  mice  and  rats  were  approximately 
1 50  mg/kg  and  >1 ,000  mg/kg,  respectively 

Dialysis  is  not  appropriate  treatment  for  overdosage  of  Serevent  Inhalation  Aerosol. 
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With  SEREVENT,  when  Charlie  takes 
a  break,  it's  for  a  cup  of  coffee 


SEREVENT  provided  patients 
with  12  hours  of  asthma 
symptom  control 2 


SEREVENT  is  indicated  for  maintenance 
treatment  of  asthma  and  prevention  of 
bronchospasm  in  patients  12  years  of  age 
and  older  with  reversible  obstructive 
airway  disease,  including  patients  with 
symptoms  of  nocturnal  asthma,  who 
require  regular  treatment  with  inhaled, 
short-acting  B2-agonists. 

Dosing  should  be  two  puffs  (42  ug)  of 
SEREVENT  twice  daily,  morning  and 
evening,  approximately  12  hours  apart. 

IMPORTANT  INFORMATION: 

SEREVENT  SHOULD  NOT  BE  INITIATED  IN 
PATIENTS  WITH  SIGNIFICANTLY  WORSEN- 
ING OR  ACUTELY  DETERIORATING 
ASTHMA,  WHICH  MAY  BE  A  LIFE- 
THREATENING  CONDITION. 

SEREVENT  SHOULD  NOT  BE  USED  TO  TREAT 
ACUTE  SYMPTOMS.  Patients  must  be 
provided  with  a  short-acting,  inhaled 
B2-agonist  for  treatment  of  acute 
symptoms. 

SEREVENT  IS  NOT  A  SUBSTITUTE  FOR 
INHALED  OR  ORAL  CORTICOSTEROIDS. 


Circle  141  on  reader  service  card 

Twice-Daily 

SereVent 

(solmeterol  xinafoote) 

Inhalation  Aerosol 

Morning  and  Evening  Inhalation 
for  Active  Days  and  Restful  Nights 

Please  consult  Brief  Summary  of  Prescribing  Information 
on  the  preceding  pages. 


Abstracts 


tmuous  flow  of  oxygen  given  via  an  intratracheal 
catheter.  PaC0:  decreased  from  108  ±  32  to  84  ± 
26  mm  Hg  (p<0.05),  and  no  significant  change 
in  Pa0:  (68  ±  1 8  vs  96  ±  43,  p  =  0.06).  There  was 
no  change  in  airway  pressures  and  hemodynamic 
variables.  A  slight  increase  in  end-expiratory  and 
end-inspiratory  volumes  with  TGI  possibly  oc- 
curred, as  seen  on  tracings  from  respiratory  in- 
ductive plethysmography  (Respitrace).  We  con- 
clude that  TGI  improves  tolerance  of  limited 
pressure  ventilation  by  removing  CO;,  but  it  may 
induce  changes  in  lung  volumes  that  are  not  de- 
tected by  ventilator  measurements.  See  the  related 
editorial:  Primum  Non  Nocere — RR  Kirby.  Chest 
J995;107(5):J  186-1 187. 

Reduced  Expression  of  Endothelial  Nitric  Oxide 
Synthase  in  the  Lungs  of  Patients  with  Pul- 
monary Hypertension — A  Giaid,  D  Saleh. 
N  Engl  J  Med  1995;333(4):214. 

BACKGROUND:  Pulmonary  hypertension  is 
characterized  by  abnormal  thickening  of  the  pul- 
monary arteries  and  increased  pulmonary  vascular 
resistance.  Nitric  oxide  is  a  potent  endothelium- 
derived  vasorelaxant  substance  and  an  inhibitor 
of  smooth-muscle-cell  growth.  Nitric  oxide  is  pro- 
duced in  various  cell  types  by  the  action  of  an  en- 
zyme, nitric  oxide  synthase.  We  compared  the  ex- 
pression of  endothelial  nitric  oxide  synthase  in  the 
lungs  of  control  subjects  with  that  in  the  lungs  of 
patients  with  pulmonary  hypertension.  METH- 
ODS: We  investigated  the  expression  of  endo- 
thelial nitric  oxide  synthase  by  histochemical  and 
immunohistochemical  analysis,  in  situ  hybrid- 
ization, and  Northern-blot  analysis  in  the  lungs 
of  22  patients  with  plexogenic  pulmonary  arte- 
riopathy  (arteriopathy  of  grades  4  through  6),  24 
patients  with  secondary  pulmonary  hypertension 
(arteriopathy  of  grades  1  through  3),  and  23  con- 
trol subjects.  RESULTS:  In  the  lungs  of  the  con- 
trol subjects,  nitric  oxide  synthase  was  expressed 
at  a  high  level  in  the  vascular  endothelium  of  all 
types  of  vessels  and  in  the  pulmonary  epithelium. 
In  contrast,  little  or  no  expression  of  the  enzyme 
was  found  in  the  vascular  endothelium  of  pul- 
monary arteries  with  severe  histologic  abnor- 
malities tie.  plexiform  lesions)  in  patients  with 
pulmonary  hypertension.  The  intensity  of  the  en- 
zyme immunoreactivity  correlated  inversely  with 
the  severity  of  histologic  changes.  There  was  an 
inverse  correlation  between  the  arterial  expres- 
sion of  the  enzyme  and  total  pulmonary  resistance 
in  patients  with  plexogenic  pulmonary  arteriopathy 
(r  =  -0.766,  p  =  0.004).  CONCLUSIONS:  Pul- 
monary hypertension  is  associated  with  dimin- 
ished expression  of  endothelial  nitric  oxide  syn- 
thase. It  is  possible  that  decreased  expression  of 
nitric  oxide  synthase  may  contribute  to  pulmonary 
vasoconstriction  and  to  the  excessive  growth  of 
the  tunica  media  observed  in  this  disease.  See  the 
related  editorial:  Nitrie  Oxide  and  Vascular  Dis- 
ease—J  Loscalzo.  N  Engl  .1  Med  I995;333(4): 
251-253. 


Outbreak  of  Tuberculosis  among  Regular  Pa- 
trons of  a  Neighborhood  Bar — SE  Kline, 
LL  Hedemark,  SF  Davies.  N  Engl  J  Med  1995:333 
(4C222. 

BACKGROUND:  Outbreaks  of  tuberculosis  have 
been  reported  in  prisons,  nursing  homes,  urban 
homeless  shelters,  and  other  crowded  settings. 
We  report  a  nonresidential  outbreak  of  tuber- 
culosis that  originated  in  a  neighborhood  bar, 
METHODS:  A  homeless  patient  with  highly  in- 
fectious pulmonary  tuberculosis  was  a  regular  pa- 
tron of  a  neighborhood  bar  during  a  long  symp- 
tomatic interval  before  diagnosis.  We  Investigated 
97  other  regular  customers  and  employees  of  the 
bar  through  interviews,  tuberculin  skin  testing, 
and  chest  roentgenography.  We  performed  DNA 
fingerprinting  on  isolates  from  the  index  patient 
and  1 1  other  patients.  RESULTS:  The  index  pa- 
tient apparently  infected  41  of  97  contacts  (42  per- 
cent), resulting  in  14  cases  of  active  tuberculo- 
sis and  27  cases  of  infection  but  no  disease 
(indicated  by  positive  tuberculin  skin  tests).  Four 
other  cases  of  active  tuberculosis  occurred  among 
regular  customers  of  the  bar  who  were  missed  by 
the  contact  investigation.  There  were  also  two  sec- 
ondary cases.  Radiographic  findings  in  active 
cases  included  upper-lobe  disease  in  seven  cases 
(three  cavitary)  and  negative  chest  films  at  the 
time  of  diagnosis  in  four  cases.  All  1 2  culture  iso- 
lates we  tested  had  the  same  chromosomal-DNA 
restriction  pattern.  CONCLUSIONS:  The  spread 
of  tuberculosis  in  a  neighborhood  bar  can  be  a 
major  public  health  problem.  The  high  rate  of  in- 
fection and  disease  among  the  contacts  was  un- 
expected and  was  not  due  to  co-infection  with  the 
human  immunodeficiency  virus.  Possible  explana- 
tions include  heavy  alcohol  use  among  the  con- 
tacts, high  infectivity  of  the  index  case,  or  both. 
Sputum  cultures  must  be  performed  in  tuberculin- 
positive  contacts  who  have  symptoms,  even  if  the 
chest  films  are  normal. 

Do  Radiographic  Criteria  for  Emphysema  Pre- 
dict Physiologic  Impairment? — KH  Kilhum,  RH 
Warshaw,  JC  Thornton.  Chest  1995:107(51:1225. 

OBJECTIVE:  The  functional  consequences  of  pul- 
monary emphysema  have  been  estimated  from  au- 
topsy studies.  This  antemortem  study  correlates 
structure  as  assessed  by  criteria  applied  to  chest 
radiographs  and  function  in  earlier  disease  SUB- 
JECTS AND  METHODS:  Four  thousand  one 
hundred  seven  male  shipyard  and  construction 
workers  had  chest  radiographs  scored  for  asbestosis 
using  International  Labour  Office  criteria  and  for 
emphysema  using  five  criteria:  hyperlucent  lung 
fields,  low  fiat  diaphragms  on  posteroanterior 
views,  low  flat  diaphragms  on  lateral  radiographs 
a  wide  retrosternal  space,  and  bullae.  Total  lung 
capacity  (TLC)  was  measured  by  planimetry  of 
radiographs  and  forced  vital  capacity  (FVC)  and 
Hows  by  Spirometry:  TLC  minus  FVC  equated 

residual  volume  (RVi.  All  were  expressed  as  per- 


centage of  predicted  (%  pred)  adjusted  for  height, 
age.  and  duration  of  cigarette  smoking.  Linear  re- 
gression modeling  examined  the  influence  of  each 
emphysema  criterion  on  function  measurements. 
RESULTS:  Four  hundred  three  ( 10.1%)  of  4.107 
men  had  two  or  more  emphysema  criteria  and 
24.5%  had  asbestosis.  Prevalence  of  2  criteria  var- 
ied by  smoking  status  and  was  present  in  20%  of 
current  smokers,  7.5%  of  ex-smokers,  and  29c  of 
never  smokers.  The  TLC  %  pred  and  RV/TLC  in- 
creased and  %  pred  of  FEV  |/FVC  and  FEF:5  '5. 
FEV|,  and  FVC  decreased  with  increasing  ra- 
diographic emphysema  criteria.  Forty-four  ( 10%) 
had  normal  results  of  spirometry  with  two  or  more 
radiographic  emphysema  criteria.  CONCLUSION: 
Impairment  of  airway  function  worsened  with  each 
additional  radiographic  criteria  of  emphysema. 
These  criteria  were  more  strongly  associated  with 
an  increase  in  RV/TLC  than  an  increase  in  TLC. 

Adherence  to  Established  Guidelines  for  Pre- 
operative  Pulmonary    Eunction   Testing — 

OW  Hnatiuk.  TA  Dillard.  KG  Torrington.  Chest 
1995;  107(5):  1294. 

Guidelines  for  ordering  preoperative  spirometry 
have  been  proposed  by  GM  Tisi  ( 1 979)  and  more 
recently  by  the  American  College  of  Physicians 
(ACP).  Requests  for  preoperative  spirometries 
represent  a  significant  portion  of  all  requests  for 
screening  spirometry  at  our  institution  and  uti- 
lize significant  man-hours  of  technician  time.  We 
determined  the  percentage  of  these  requests  that 
did  not  meet  the  ACP  guidelines  and  characterized 
why  these  requests  were  being  generated.  We 
sampled  441  screening  spirometries  performed 
by  the  Walter  Reed  Pulmonary  Function  Labora- 
tory over  a  4-week  period.  One  hundred  thirty- 
eight  (31%)  of  these  were  done  preoperatively 
and  complete  data  were  available  in  135  cases. 
Patients  in  the  analyzed  group  had  a  mean  age 
of  59  years  (±  14  years),  ranging  from  20  to  84 
years  of  age.  Fifty-two  (39%)  requests  did  not 
meet  ACP  guidelines.  Most  of  these  requests  were 
associated  with  either  normal  spirometry  (n  =  34) 
or  only  mild  spirometric  abnormalities  (n  =  14). 
Spirometry  revealed  severe  obstruction  in  onl\ 
one  case  when  the  request  was  not  indicated.  No 
cases  of  moderate  obstruction,  severe  restrictive 
pattern,  or  possible  upper  airway  obstruction  were 
found  in  the  group  of  requests  in  which  spirom- 
etry was  not  indicated.  Of  the  requests  that  did 
not  meet  ACP  guidelines.  2 1  met  Tisi's  broad- 
er guidelines.  Most  of  these  requests  were  found 
exclusively  in  patients  older  than  70  years  of  age 
(n=  13)  and  the  morbidly  obese  (n  =4).  Of  the 
3 1  Studies  that  did  not  meet  either  set  of  guide- 
lines. 25  occurred  in  asymptomatic,  current,  or 
prior  smokers.  In  conclusion,  during  a  4-week 
siiiilx  period  at  our  institution.  3991  of  preoper- 
ative spirometry  requests  did  not  meet  ACP  guide- 
lines. Most  of  the  patients  had  been  referred  be- 
cause ol  age  greater  than  70  years,  morbid  obesity, 
and  a  current/prior  history  of  smoking.  However, 
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EXPERIENCE 

PLUS  BENEFITS 
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Abstracts 


the  literature  does  not  support  obtaining  preop- 
erative spirometry  in  such  patients  except  for  those 
undergoing  only  lung  resection.  We  recommend 
stricter  adherence  to  the  ACP  guidelines  as  a 
means  of  decreasing  the  number  and  cost  of  un- 
necessary spirometries  being  performed. 

Determinants  of  Mortality  and  Multiorgan  Dys- 
function in  Cardiac  Surgery  Patients  Requiring 
Prolonged  Mechanical  Ventilation — MH  Kollef, 
T  Wragge,  C  Pasque.  Chest  1995;107(5):1395. 

OBJECTIVES:  To  identify  characteristics  as- 
sociated with  mortality  and  the  development  of 
multiorgan  dysfunction  in  patients  who  had  under- 
gone cardiac  surgery  and  required  prolonged  me- 
chanical ventilation,  ie.  >  48  h.  DESIGN:  A 
prospective  cohort  study.  SETTING:  Barnes  Hos- 
pital, St  Louis,  an  academic  tertiary  care  center. 
PATIENTS  OR  OTHER  PARTICIPANTS:  A 
total  of  107  consecutive  patients  undergoing  car- 
diac surgery  and  requiring  prolonged  mechani- 
cal ventilation.  INTERVENTIONS:  Prospective 
patient  surveillance  and  data  collection.  MAIN 
OUTCOME  MEASURES:  ICU  mortality  and 
multiorgan  dysfunction.  RESULTS:  Among  472 
consecutive  patients  admitted  to  the  cardiac  surgery 
ICU  following  surgery.  107  (22.7%)  required  pro- 
longed mechanical  ventilation.  Twenty-one  of 
these  patients  (19.6%)  died  during  their  hospi- 
talization. In  a  logistic-regression  analysis,  the  de- 
velopment of  an  organ  system  failure  index  (OSFI) 
of  3  or  greater  was  the  only  characteristic  inde- 
pendently associated  with  ICU  mortality  (p  < 
0.001 ).  The  occurrence  of  an  antibiotic-resistant 
infection  (adjusted  odds  ratio  [AOR]  =6.1, 95% 
confidence  interval  [CI]  =2.5  to  14.6,  p  =  0.006), 
an  aortic  cross-clamp  time  equal  to  or  greater  than 
1 .25  h  (AOR  =  3.9,  CI  =  2.3  to  6.8,  p  =  0.016), 
the  development  of  ventilator-associated  pneu- 
monia (AOR  =  3.6,  CI  =  2.4  to  5.3,  p  <0.00I ),  and 
an  APACHE  III  score  equal  to  or  greater  than  30 
(AOR  =  3. 1 ,  CI  =  1 .8  to  5.3,  p  =  0.036)  were  in- 
dependently associated  with  the  development  of 
an  OSFI  of  3  or  greater.  CONCLUSIONS:  These 
data  confirm  that  acquired  multiorgan  dysfunc- 
tion is  the  best  predictor  of  mortality  in  patients 
requiring  prolonged  mechanical  ventilation  fol- 
lowing cardiac  surgery.  Additionally,  they  iden- 
tify potential  determinants  of  multiorgan  dys- 
function and  suggest  possible  interventions  for 
its  reduction  in  this  patient  population. 

Kronchndilator  Subsensitivity  to  Salhutamol 
after  Twice  Daily  Saimeterol  in  Asthmatic  Pa- 
tients— A  Grove,  BJ  Lipworth.  Lancet  1995:346 

(8969):201. 

In  view  of  current  concerns  about  use  of  regular 
beta-2  agonists,  and  the  place  of  the  newer  long- 
acting  drugs,  we  decided  to  evaluate  whether  con- 
tinuous exposure  to  twice  daily  saimeterol  results 
in  a  blunting  of  the  acute  hronchodilalor  response 
to  repeated  doses  ol  salhutamol,  as  might  be  ad- 


ministered in  the  management  of  an  acute  asth- 
ma attack.  After  a  2  week  run-in  without  beta-2 
agonists.  17  asthmatic  patients  (mean  |SE]  age 
34  [3]  years,  mean  forced  expiratory  volume  in 
1  s  [FEV|]  64  [2.7]%  of  predicted)  were  ran- 
domized to  receive  saimeterol  50  /jg  twice  daily 
or  placebo  for  4  weeks  in  a  double-blind  crossover 
fashion.  A  histamine  challenge  test  was  done  1 2  h 
after  the  last  dose  of  each  treatment  period,  and 
dose-response  curves  to  inhaled  salhutamol  (200- 
3200 //g)  were  constructed  36  h  after  the  last  dose. 
Patients  treated  with  saimeterol  had  reduced  bron- 
chodilator  responses  to  salhutamol  in  terms  of 
FEV!  and  peak-expiratory  flowrate  (PEFR)  than 
those  treated  with  placebo.  The  reduction  in  re- 
sponse equated  with  a  2.5-fold  and  a  4-fold  greater 
dose  of  salhutamol  being  required  to  produce  a 
given  FEVi  and  PEFR,  respectively.  There  was 
a  significant  reduction  in  lymphocyte  beta-2 
adrenoceptor  density  after  saimeterol  compared 
with  placebo  and  run-in.  Saimeterol  remained  ef- 
fective in  terms  of  disease  control,  with  a  sig- 
nificant improvement  in  morning  PEFR  compared 
with  placebo  that  was  maintained  over  the  4  week 
treatment  period.  Continuous  exposure  to  sai- 
meterol 50 /ig  twice  daily  results  in  subsensitiv- 
ity to  the  acute  bronchodilator  response  to  repeated 
doses  of  inhaled  salhutamol.  Thus  patients  re- 
ceiving regular  treatment  with  saimeterol  might 
require  higher  doses  of  salbutamol  when  used  for 
relief  of  acute  bronchoconstriction. 

Ribavirin  Therapy:  Implementation  of  Hos- 
pital Guidelines  and  Effect  on  Usage  and  Cost 
of  Therapy — TJ  Feldstein.  JL  Swegarden.  GF  At- 
wood,  CD  Peterson.  Pediatrics  1995;96(  1 ):  14. 

OBJECTIVE:  The  American  Academy  of  Pedi- 
atrics (AAP)  recommends  that  ribavirin  be  re- 
served for  infants  who  are  severely  ill  and  who 
are  at  high  risk  of  morbidity  and  mortality,  based 
on  underlying  clinical  conditions.  The  purpose  of 
this  study  was  to  evaluate  current  ribavirin  use  in 
our  institution,  implement  hospital-specific  guide- 
lines for  use,  develop  a  prospective  surveillance 
system  to  monitor  ribavirin  therapy,  and  evalu- 
ate the  impact  of  these  guidelines  on  subsequent 
use  and  cost  of  therapy.  METHODS:  Ribavirin 
use  was  compared  with  the  recommendations  of 
the  AAP.  Results  were  presented  to  the  profes- 
sional staff,  and  hospital  guidelines  were  imple- 
mented. Ribavirin  therapy  was  re-evaluated  in  a 
2-year  period  after  hospital  guidelines  were  im- 
plemented. RESULTS:  In  the  initial  evaluation 
period,  only  67%'  of  the  ribavirin  recipients  met 
the  AAP  guidelines  for  use.  and  19%  received  an 
inappropriate  treatment  regimen.  The  total  cost 
and  billed  patient  charges  lor  ribavirin  recipients 
who  did  not  meet  the  guidelines  for  use  in  peri- 
od 1  was  $60,638  and  $  1 27.940,  respectively.  Over 
the  next  2  years  (period  2)  after  the  implemen- 
tation of  hospital  guidelines,  the  percentage  of  pa- 
tients who  received  ribavirin  decreased  35' ; .  and 
approximately  9695  of  ribavirin  recipients  met  the 


established  criteria.  Based  on  the  decrease  in  the 
percentage  of  patients  who  received  ribavirin  in 
period  2  (41%  vs63%).  the  estimated  cost  avoid- 
ance and  reduction  in  billed  patient  charges  in  pe- 
riod 2  was  $55,540  and  $1 17.334.  respectively. 
This  represents  an  estimated  reduction  in  hospital 
costs  and  billed  patient  charges  of  $46,283  and 
$97,778  per  100  admissions  for  acute  bronchiolitis. 
CONCLUSIONS:  Before  the  implementation  of 
hospital  guidelines  for  use.  a  substantial  percent 
of  patients  received  ribavirin  not  consistent  with 
the  recommendations  of  the  AAP.  Following  the 
adoption  of  a  modified  version  of  the  AAP  guide- 
lines for  our  institution  and  the  use  of  a  multi- 
disciplinary  surveillance  system  for  monitoring 
ribavirin  therapy,  we  observed  a  substantial  de- 
crease in  the  overall  ribavirin  use.  This  has  resulted 
in  a  significant  savings  in  terms  of  cost  avoidance 
and  reduced  billed  patient  charges. 

Reduction  in  Obstructive  Breathing  Events 
during  Body  Rocking:  A  Controlled  Poly- 
graphic  Study  in  Preterm  and  Full-Term  In- 
fants— J  Groswasser.  M  Sottiaux,  E  Rebuffat, 
T  Simon.  M  Vandeweyer.  I  Kelmanson.  D  Blum, 
A  Kahn.  Pediatrics  1995:96(1  ):64. 

OBJECTIVE:  To  investigate  the  effect  of  body 
rocking  on  infant  respiratory  behavior  during  sleep. 
METHODS:  Eighteen  infants  with  documented 
obstructive  sleep  apneas  were  studied.  There  were 
eight  premature  infants  with  persistent  bradycardias 
and  10  infants  horn  full-term,  admitted  after  an 
idiopathic  apparent  life-threatening  event.  No  cause 
for  the  obstructive  apneas  was  found.  The  infants 
were  recorded  with  polygraphs  techniques  dur- 
ing two  successive  nights.  They  were  randomly 
assigned  to  a  rocking  or  a  nonrocking  mattress. 
The  conditions  were  reversed  the  follow  ing  night, 
in  a  crossover  design.  RESULTS:  In  both  groups 
of  infants,  no  significant  difference  was  seen  be- 
tween the  two  consecutive  nights  for  most  of  the 
variables  studied:  total  sleep  time,  the  proportion 
of  non-rapid-eye-movement  and  rapid-eye-move- 
ment sleep,  the  number  of  arousals.  the  number 
and  maximal  duration  of  central  apneas,  the  fre- 
quency of  periodic  breathing,  the  level  of  oxygen 
saturation,  and  heart  rate.  During  the  nonrocking 
nights,  all  infants  had  repeated  obstructive  breath- 
ing events.  In  seven  of  the  eight  preterm  infants 
and  in  nine  of  the  10  lull-term  subjects,  body  rock- 
ing was  associated  with  a  significant  decrease  in 
the  frequency  of  obstructive  events.  During  rock- 
ing.  in  the  preterm  infants  the  obstructions  fell  from 
a  median  of  2.5  to  1 .8  episodes  per  hour  (p  = 
0.034).  In  the  full-term  infants,  rocking  reduced 
the  obstructive  events  from  a  median  of  1 .5  ob- 
stnictions  per  hour  to  0.7  (p  =  0.005).  No  difference 
was  seen  for  the  duration  of  the  obstructive 
episodes.  CONCLUSION:  In  preterm  and  full- 
term  infants  prone  to  obstructive  sleep  apneas,  gen- 
tle side-to-side  body  rocking  is  associated  with 
a  significant  decrease  in  the  frequency  of  upper- 
airway  obstructions. 
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Editorials 


Consensus  III: 
Assessing  Innovations  in  Mechanical  Ventilatory  Support 


This  issue  of  the  Journal1  comprises  the  Consensus  State- 
ment and  supporting  papers  that  grew  out  of  the  Consensus 
Conference  on  "Assessing  Innovations  in  Mechanical  Venti- 
latory Support,"  sponsored  and  funded  through  the  Ameri- 
can Respiratory  Care  Foundation  and  co-sponsored  by  the 
American  Association  for  Respiratory  Care. 

The  Consensus  Conference,  the  Consensus  Statement,  and 
this  Special  Issue  were  'a  long  time  coming.'  The  possibil- 
ity of  such  a  Conference  first  arose  in  the  course  of  'brain- 
storming' by  the  Journal's  Editorial  Board  some  5  or  6  years 
ago,  in  preparation  for  the  Consensus  Conference  on  the  Es- 
sentials of  Mechanical  Ventilators — 1992.-  Details  were  slow 
to  jell  until  1993  when  Neil  Maclntyre  and  Tom  East  began 
to  develop  the  idea  in  earnest. 

Some  of  these  papers  provide  the  background  material  (his- 
tory, if  you  will),  some  address  general  problems,  some  spe- 
cific problems.  Some  aspects  are  well-documented,  where- 
as others  by  their  very  nature  are  based  on  opinion  and  anec- 
dote. One  could  construe  the  issue's  melody  as  being  primarily 
an  expression  of  the  frustration  of  manufacturers  over  the  de- 
lays and  expense  of  gaining  approval  from  the  Food  and  Drug 
Administration  for  new  products,  with  a  descant  projecting 
the  arbitrary  nature  of  FDA  decisions.  But,  that  is  far  from 
true,  and  that  construction  should  not  detract  from  the  other 
messages  emanating  from  those  participating.  Other  themes, 
important  themes,  supported  both  by  'hard'  and  'soft'  data 
recur — the  absolute  necessity  for  demonstration  of  safety  and 
effectiveness,  the  difficulty  with  and  importance  of  establishing 
meaningful  end  points  for  device  testing,  the  responsibilities 
of  participants  to  the  process. 

But  where  do  the  Journal  and  its  Editors  sit  in  regard  to 
the  publication  of  material  based  in  part  on  unsubstantiated 
opinion  and  anecdote?  First,  we  must  answer  the  Why  ques- 
tions. The  first  Why — Why  publish  such  material  at  all?  We 
have  chosen  to  publish  because  we  believe  that  it  is  impor- 
tant to  clearly  delineate  the  issues  addressed  by  the  Confer- 
ence and  its  Consensus  Statement.  The  Consensus  Statement 
is  just  that — a  'meeting  of  the  minds'  of  a  group  who  daily 
in  a  half  dozen  or  more  different  ways  face  the  problems  of 
increasing  costs,  unsafe  or  ineffective  treatment  or  equipment, 
questionable  end  points,  and  lack  of  access  to  potentially  valu- 
able applications.  The  second  Why — Why  should  a  peer-re- 


viewed science  journal  publish  unsubstantiated  opinion  and 
anecdote — a  clear  departure  from  an  honorable,  long-es- 
tablished position  ?  We  chose  to  do  so  because  it  became  im- 
possible to  project  the  flavor  of  the  problems,  particularly  from 
the  manufacturers'  point  of  view  without  (to  change  the 
metaphor)  establishing  these  scenarios.  As  a  Journal  edito- 
rialist4 expressed  his  concerns  about  work  redesign  "Do  save 
the  baby!"  The  'baby'  for  innovations  in  mechanical  venti- 
latory support  are 

•  Innovations  are  needed,  and  all  players — manufacturers, 
regulatory  agencies,  clinicians,  and  payers — have  re- 
sponsibilities to  the  innovation-assessment  process. 

•  The  criteria  for  efficacy  testing  should  be  based  on  an  in- 
novation's risk  and  cost. 

•  Payers  have  a  responsibility  to  insist  on  assessment  cri- 
teria consistent  with  risk  and  cost. 

•  Regulatory  groups  must  become  more  flexible,  adopt  more 
realistic  criteria  for  assessment,  and  streamline  the  approval 
process,  and  legislators  must  fund  in  a  manner  that  allows 
agencies  to  discharge  those  responsibilities. 

•  Professional  groups  have  a  responsibility  to  manufactur- 
ers and  payers  to  serve  as  consultants  for  and  assessors  of 
innovation. 

The  content  and  recommendations  of  this  Special  Issue  have 
importance  for  all  of  us — citizens,  clinicians,  manufacturers, 
regulators,  and  payers  alike. 

Pat  Brougher 

Editor 
Respiratory  Care 
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Consensus  Conference  III:  Assessing  Innovations 
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A  Special  Issue 
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Preamble 


Objective 


Mechanical  ventilation  systems  have  provided  sophisticated 
life  support  technology  for  millions  of  patients  during  the  last 
five  decades.  Despite  this  success,  important  clinical  limita- 
tions, serious  potential  hazards,  and  high  costs  remain  asso- 
ciated with  these  systems.  Innovations,  both  in  device  design 
and  device  application,  that  address  these  issues  are  clearly 
needed,  and  their  development  should  be  encouraged. 

The  process  of  bringing  innovations  to  the  clinical  arena 
is  a  complex  one  that  is  heavily  influenced  by  developmen- 
tal and  implementational  cost  factors,  reimbursement  potential, 
and  regulatory  issues.  In  the  end.  safety  and  efficacy  must  be 
demonstrated  to  regulatory  bodies,  clinicians,  and  payers  be- 
fore an  innovation  is  put  into  practice.  Establishing  efficacy, 
however,  can  be  problematic.  In  an  effort  to  minimize  the  de- 
velopment costs,  manufacturers  often  seek  to  establish  effi- 
cacy using  relatively  inexpensive  approaches,  such  as  clin- 
ician-preference surveys,  lung-model  engineering  studies,  and 
crossover  studies  with  physiologic  end  points.  However,  clin- 
icians (and  payers)  need  to  be  sure  that  innovations  provide 
a  better  outcome  for  their  patients  and  are  worth  the  associ- 
ated anticipated  risks  or  extra  costs.  This  may  require  ran- 
domized, controlled  trials  (RCTs)  with  clinically  important 
end  points.  Such  trials,  however,  are  complex  and  expensive 


because  changes  in  outcome  (eg,  survival)  that  might  be  ex- 
pected from  improvements  in  existing  support  technology  are 
likely  to  be  small  (although  important),  and,  thus,  difficult  to 
detect  in  patient  populations  in  which  ultimate  outcomes  are 
determined  by  a  host  of  other  factors. 

The  purpose  of  the  Consensus  Conference  was  to  put  efficacy 
assessment  for  innovations  in  mechanical  ventilation  into  a  per- 
spective based  on  risks  and  costs.  The  specific  goals  were  three- 
fold: First,  we  wanted  to  state  that  there  are  important  limita- 
tions to  current  mechanical  ventilation  systems  that  may  be  im- 
proved through  innovation.  Second,  we  wanted  to  describe  the 
problems  encountered  in  developing  innovations — from  idea 
to  product  to  market — from  the  perspective  of  manufacturers, 
clinicians,  and  regulators.  Third,  we  wanted  to  provide  a  frame- 
work for  efficacy  assessment  that  utilizes  an  expeditious  tech- 
nical and/or  physiologic  efficacy  assessment  for  low-risk/low- 
cost  innovations  but  mandates  properly  controlled  clinical  tri- 
als with  relevant  outcomes  for  high-risk/high-cost  innovations. 

Participants 

Fourteen  participants  were  selected  to  present  the  issues 
facing  manufacturers,  clinicians,  regulators,  and  payers.  The 
participants  included  physicians,  engineers,  and  respiratory 
therapists  with  expertise  in  mechanical  ventilators,  the  reg- 
ulatory process,  manufacturing  principles,  marketing,  and  re- 
imbursement issues. 
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These  participants  gave  formal  presentations  addressing 
specific  issues,  with  considerable  discussion  following  each. 
Eight  manufacturers  had  observers  present  for  all  discussions, 
and  representatives  of  three  of  those  manufacturers  were  in- 
vited to  participate  in  a  round-table  discussion  at  the  end  of 
the  Conference.  The  Conference  was  underwritten  by  unre- 
stricted educational  grants  to  the  American  Respiratory  Care 
Foundation  from  the  eight  manufacturers. 

Evidence 

The  14  presentations  and  subsequent  discussions  con- 
stituted the  evidence.  These  presentations  were  given  over 
a  2-day  period  and  are  published  elsewhere  in  this  issue.  Top- 
ics included: 

The  limitations  of  current  mechanical  ventilator  systems 
Innovation  development — the  manufacturer's  perspective 
Innovation  development — the  clinician's  perspective 
Innovation  development — the  regulatory  perspective 
Case  studies  in  product  development 
Physiologic  end  points  to  assess  efficacy 
Clinical-outcome  end  points  to  assess  efficacy 
Statistical  concerns  in  efficacy  assessment 
Funding  innovation  development 
A  framework  for  assessing  efficacy  based  on  risks  and  costs 


Consensus  Process 

The  writing  committee  devised  a  framework  for  the  Con- 
sensus Statement.  The  key  topics  were  determined  before  the 
Conference  and  included: 

•  The  need  for  innovation 

•  The  process  of  developing  innovations — responsibilities 
of  manufacturers,  clinicians,  regulators,  and  payers. 

•  Criteria  to  assess  innovations — engineering  versus  phys- 
iologic versus  clinical-outcome  end  points. 

•  Problems  with  the  current  system  of  introducing  inno- 
vations— the  perspective  of  manufacturers,  clinicians,  reg- 
ulators, and  payers. 

Recommendations 

Throughout  all  the  presentations  and  discussions,  mem- 
bers of  the  writing  committee  assigned  to  each  key  topic  at- 
tempted to  capture  the  sense  of  consensus  in  their  written  sum- 
mary of  that  topic.  On  the  last  day  of  the  Conference,  a  draft 
of  the  summary  was  distributed  to  all  participants  for  open 
discussion.  A  preliminary  consensus  on  the  spirit  of  the  draft 
was  obtained  through  these  discussions.  Successive  drafts  were 
circulated  to  all  participants  and  modified  during  the  next  4 
months,  until  all  could  support  the  Consensus  Statement. 


Consensus  Statement:  Assessing  Innovations 
in  Mechanical  Ventilatory  Support 


I.  Innovations  Are  Needed 

Although  positive-pressure  mechanical  ventilation  has  pro- 
vided successful  respiratory  support  for  millions  of  patients, 
and  now  has  greater  capabilities  for  the  delivery  and  moni- 
toring than  at  any  time  in  the  past,  innovations  are  still  need- 
ed. Aspects  of  mechanical  ventilation  where  innovations  are 
needed  include: 

•  Improving  ventilator-support  capabilities,  especially  in  very 
ill  patients  in  whom  gas  exchange  goals  can  be  difficult 
(or  impossible)  to  achieve; 

•  Reducing  complications  related  to  mechanical  ventilation, 
especially  the  cardiovascular  effects  of  positive  intrathoracic 
pressure;  dynamic  hyperinflation  and  auto-PEEP;  venti- 
lator-induced lung  injury;  and  complications  related  to  in- 
tubation, artificial  airways,  and  tracheostomy. 

•  Improving  many  issues  affecting  the  clinician-user,  including 
standardization  of  terminology,  definitions,  and  labeling; 
simplification  of  controls,  options,  and  displays;  versatility 


in  adaptation  to  varying  patient  needs;  clinically  relevant 
monitoring,  both  in  the  functions  assessed  and  in  how  mon- 
itors function;  and  standardization  and  increased  clinical 
relevance  of  alarms. 

•  Improving  many  issues  affecting  the  patient,  especially  pa- 
tient comfort  during  interactive  ventilator  support,  and  pa- 
tient safety. 

•  Reducing  costs. 

Innovations  to  address  these  and  other  issues  are  clearly 
needed  and  could  range  from  simple  software  changes  that 
improve  the  manipulation  of  air  flow  to  radically  different  con- 
cepts in  respiratory  support,  such  as  liquid  ventilation. 

II.  The  Process  of  Innovation  Development 

Bringing  an  innovative  concept  related  to  mechanical  ven- 
tilation to  clinical  reality  is  a  complex  process.  Four  distinct 
groups  interact  in  this  process,  each  with  its  own  responsi- 
bilities and  concerns: 
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1.  Manufacturers  have  the  responsibility  to  build  the  device 
in  accordance  with  good  manufacturing  practices  (GMP).  It 
is  usually  also  the  manufacturer's  responsibility  to  perform 
the  testing  that  establishes  safety  and  efficacy.  From  the  man- 
ufacturer's perspective,  direct  development  costs  (including 
the  cost  of  assessing  efficacy),  education/manufacturing  costs, 
and  liability  concerns  must  be  balanced  against  the  potential 
profitability  of  the  innovation. 

2.  Regulatory  agencies  have  the  statutory  responsibility  to  as- 
sure safety  and  efficacy  before  allowing  an  innovation  to  be 
marketed.  Moreover,  regulatory  agencies  must  assure  that  de- 
vice labeling  and  advertising  are  consistent  with  the  claims  that 
have  been  validated.  These  responsibilities  apply  both  to  new 
devices  and  to  new  claims  by  manufacturers  for  uses  of  existing 
devices.  Regulatory  agencies  must  balance  the  dual  respon- 
sibilities of  allowing  expedient  approval  of  helpful  innovations 
and  denying  approval  of  harmful  or  unhelpful  innovations. 

3.  Clinicians  have  the  responsibility  to  use  safe  and  effective 
innovations  in  the  treatment  of  their  patients  in  an  effort  to 
improve  clinical  outcome.  This  clinical  outcome  may  be  an 
ultimate  outcome  (eg,  improved  survival,  decreased  length 
of  hospital  stay),  a  patient-management  outcome  (eg,  increased 
comfort,  less  noise),  or  a  cost  outcome.  A  clinician-initiated 
innovation  (ie,  device  application  outside  the  approved  labeling) 
places  additional  responsibilities  on  the  clinician.  Specifically, 
the  clinician  has  the  responsibility  to  generate  safety  and  ef- 
ficacy data  for  that  application  before  widespread  clinical  use 
and  accompanying  liability  protection  can  be  justified. 

4.  Payers  have  the  responsibility  to  assure  that  the  benefits 
of  the  innovation  are  sufficient  to  justify  their  costs  before 
widespread  reimbursement  is  appropriate. 

III.  Efficacy  Assessment  Criteria 

Efficacy  assessment  is  the  demonstration  that  an  innovation 
does  what  is  claimed.  Efficacy  is  generally  assessed  in  a  con- 
trolled study  and  must  be  distinguished  from  effectiveness, 
which  implies  usefulness  in  the  uncontrolled  clinical  envi- 
ronment. Effectiveness  can  be  established  only  after  effica- 
cy has  been  ascertained  and  is  a  complex  process  beyond  the 
scope  of  this  document. 

The  three  basic  approaches  to  assessing  the  efficacy  of  an 
innovation  in  mechanical  ventilatory  support  are  shown  in 
Table  1 :  ( 1 )  Engineering  testing:  This  involves  evaluating 
and  verifying  design  specifications  in  a  suitable  testing  lab- 
oratory, or  in  an  animal/clinical  situation.  (2)  Physiologic  test- 
ing: This  involves  evaluating  pertinent  clinical  or  physiologic 
responses  (eg,  gas  exchange,  lung  mechanics)  in  a  relevant 
population.  (3)  Outcome  testing:  This  involves  evaluating 
overall  outcome  such  as  survival,  iatrogenic  injury,  or  days 
alive  and  off  mechanical  ventilation  in  a  relevant  population. 


These  three  approaches  to  assessment  differ  in  their  cost,  their 
complexity,  and  their  potential  for  defining  efficacy. 

Table  1.      Examples  of  Types  of  End  Points  for  Efficacy  Assessment  in 
Mechanical  Ventilation 

Level  I       Engineering  Assessment 

-  Valve  performance  (sensitivity,  responsiveness) 

-  Monitor  accuracy 

-  Flow  capabilities 

-  Ease  of  operation 

-  Noise 

-  Durability 

-  Cost  of  operation 
Level  II      Physiologic  Assessment 

-  Ventilation  (total,  alveolar,  dead  space) 

-  Gas  exchange 

-  Cardiac  function  (filling,  contractility) 

-  Respiratory  system  mechanics 

-  Muscle  function  (drive,  work,  pressure-time  products) 

-  Air  trapping  (intrinsic  PEEP) 
Level  III     Clinical-Outcome  Assessment 

-  Overall  survival,  long-term  survival 

-  Ventilator  days,  ICU  days,  hospital  days 

-  Days  alive  off  ventilator 

-  Incidence  of  important  complications 

(barotrauma,  pneumonia) 


Laboratory,  animal,  or  clinical  studies  assessing  engineering 
specifications  (eg,  trigger  sensitivity)  are  relatively  inexpensive, 
and  the  results  are  generally  related  directly  to  the  device.  How- 
ever, because  of  the  limitations  of  engineering-focused  stud- 
ies, results  usually  cannot  be  used  to  predict  changes  in  clin- 
ical outcome. 

Evaluations  using  intermediate  physiologic  end  points  are 
more  expensive  because  a  formal  clinical  study  is  required 
(eg,  crossover  study,  case-control  study).  Ideally,  physiologic 
end  points  should  be  chosen  both  because  they  have  relevance 
to  the  innovation's  claimed  benefit/potential  risk,  and  because 
these  variables  are  reasonably  linked  to  a  clinical  outcome. 
Nevertheless,  because  these  physiologic  variables  are  only 
surrogates  for  patient  outcome  (eg,  survival,  hospital  length 
of  stay)  the  real  impact  of  the  innovation  on  actual  outcome 
can  only  be  inferred. 

Finally,  clinical  outcome  studies  are  the  most  focused  on 
ultimate  benefits  but  are  also  the  most  complex  and  expen- 
sive studies  to  perform.  Although  several  study  designs  lend 
themselves  to  assessment  of  clinical  outcome,  the  random- 
ized, controlled  trial  (RCT)  is  probably  the  best.  This  is  be- 
cause end  points  can  be  chosen  that  are  clinically  important 
and  objective  and  because  the  process  of  randomization  re- 
duces bias  that  may  occur  when  investigators  choose  the  re- 
cipients of  the  treatment  under  consideration.  Survival  is  often 
used  as  an  end  point  in  RCTs  designed  to  assess  medical  ther- 
apies. However,  a  mechanical  ventilator  is  a  support  device, 
not  a  therapeutic  device.  An  impact  on  survival  may  thus  be 
difficult  to  show  in  patients  in  whom  many  more  important 
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factors  than  just  the  support  device  affect  survival.  More  de- 
vice-focused but  clinically  important  end  points  may  be  com- 
plication rates,  ICU  length  of  stay,  or  ventilator-free  days.  An- 
other issue  in  the  design  of  an  RCT  is  patient  selection.  To 
improve  the  validity  and  power  of  an  outcome  study,  designers 
may  constrain  the  study  to  a  specific  population.  This,  how- 
ever, leads  to  difficulties  in  generalizing  the  results  to  other 
patients.  A  final  issue  is  sample  size.  Planning  the  sample  size 
in  an  RCT  depends  on  the  expected  impact  of  the  innovations 
and  on  the  baseline  variability  of  the  selected  end  point(s)  in 
the  study  population.  Large  and  expensive  studies  may  thus 
be  necessary  to  reduce  the  chance  of  missing  small  benefits 
in  a  population  that  has  considerable  variability.  These  cases 
must  be  balanced  against  the  potential  cost  of  using  expen- 
sive technology  of  unproven  benefit. 

Uncontrolled,  nonrandomized  clinical  observations  have 
only  a  limited  role  in  assessing  clinical  outcome.  This  type 
of  evaluation  has  utility  in  that  it  is  often  inexpensive,  can  in- 
clude a  broad  range  of  patients,  and  can  evaluate  multiple  ther- 
apies. Nevertheless,  these  evaluations  are  subject  to  bias  and 
confounding  with  respect  to  patient  selection,  severity,  and 
case-mix.  Conclusions  about  the  causal  relationship  between 
treatment  and  outcome  are  much  weaker  than  in  an  RCT.  Un- 
controlled studies  thus  have  a  limited  role  in  establishing  ef- 


ficacy, although  a  negative  study  can  be  evidence  against  a 
claimed  benefit. 

IV.  Problems  with  the  Current  System  for  Assessing 
Efficacy. 

A  number  of  problems  are  associated  with  assessing  ef- 
ficacy for  innovations  in  mechanical  ventilation.  In  general, 
these  problems  arise  from  the  need  to  balance  three,  often- 
conflicting  goals:  rapid  introduction  of  safe  and  effective  in- 
novations, blocking  of  harmful  or  useless  innovations,  and 
containment  of  all  aspects  of  health  care  costs.  Specific  prob- 
lems facing  manufacturers,  regulators,  clinicians,  and  pay- 
ers are  given  in  Table  2. 

IV.  Recommendations 

A.  Establish  efficacy  criteria  based  on  an  innovation's  risk 
and  cost.  Specifically  (Table  3): 

1 .  Regulatory  agencies  and  clinicians  should  require 
efficacy  assessment  at  a  level  commensurate  with 
the  anticipated  risk  that  the  innovation  may  add  to 
mechanical  ventilators.  A  reasonable  three-level  risk- 
specifications  scheme  would  be: 


Table  2      Specific  Problems  Associated  with  Assessing  Innovations 

From  the  manufacturer's  perspective 

•  Efficacy  criteria  required  for  regulators,  payers,  and  clinicians  are 

often  unclear  (ie.  What  needs  to  be  demonstrated?). 

•  Regulatory  process  is  viewed  as  overly  cautious  and  slow. 

•  Establishing  efficacy  is  a  costly  portion  of  innovation 

development. 
From  the  regulatory  agency's  perspective: 

•  Federal  mandates  for  ensuring  public  protection  from  harmful  de- 

vices requires  more  regulation  and  a  less  speedy  approval 
process. 

•  Mechanical  ventilation  innovations  are  increasingly  complex — 

especially  microprocessor  systems  and  software. 

•  Efficacy  criteria  for  medical  devices  are  not  well  established  (ie. 

Which  devices  need  only  engineering  tests  or  510(k)  review 
and  which  devices  need  physiologic  or  clinical  outcomes  tests 
or  pre-market  application  review?). 

•  Federal  funding  to  perform  an  increasingly  complex  task  is 

shrinking. 
From  the  clinician's  perspective: 

•  Claims  by  an  innovation's  advocate  may  not  be  supported  by  ap- 

propriate levels  of  efficacy  assessment  (ie.  physiologic  claims 
are  made  from  engineering  tests  and  outcome  claims  are 
made  from  physiologic  tests);  Clinicians  must  realize  that  the 
freedom  to  use  devices  beyond  established  applications  must 
be  balanced  by  safety,  liability,  and  reimbursement  concerns. 

•  Manufacturers,  regulators,  and  payers  can  be  perceived  as  being 

too  slow  in  making  innovations  possible. 
From  the  payer's  perspective: 

•  Cost  analyses  of  innovations  are  rarely  done. 

•  Definitions  of  'beneficial'  cost-effectiveness  to  justify  reimburse- 

ment do  not  exist  for  mechanical  ventilation  innovations. 


minimal  or  minor  risk:         harm  unlikely 
moderate  risk:  harm  possible,  mortality 

unlikely  to  be  affected 
major  risk:  harm  possible,  mortality 

mortality  may  be  affected 

Claims  for  devices  that  have  minimal  anticipated  risk 
would  require  an  assessment  validating  engineer- 
ing specifications.  Claims  for  devices  that  have  mod- 
erate anticipated  risk  would  require  studies  using 
physiologic  end  points.  Claims  for  devices  that  have 
a  major  anticipated  risk  would  require  an  assessment 
using  clinical  outcome  end  points. 


Table  3.      Efficacy  Criteria  Required  for  Innovations* 

Incremental  Cost  Increase 

(Payer  Issues) 

Minor         Moderate         Major 


Incremental 
Risk  Increase 
(Regulatory/ 
Clinician  Issues) 


Minor 

Moderate 

Major 


Level  I 

Level  II 

Level  III 

Level  II 

Level  II 

Level  III 

Level  III 

Level  III 

Level  III 

*Level  I  =  Engineering  end  points.  Level  II  =  Physiologic  (inlermediate)  end 
points.  Level  III  =  Clinical  outcome  end  points. 
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2.  Payers  should,  in  addition  to  requiring  assessment 
commensurate  with  risk,  require  efficacy  assessment 
at  a  level  also  commensurate  with  the  incremental 
cost  (ie.  the  annual  amortized  life-cycle  cost)  that 
the  innovation  may  add  to  mechanical  ventilation. 
This  may  require  a  higher  level  of  assessment  than 
that  needed  to  satisfy  regulatory  agencies.  An  ex- 
ample of  a  three-level  incremental  cost-stratification 
scheme  would  be: 


minimal  or  minor  cost: 


moderate  cost: 


major  cost: 


less  than  1  %  of  a 
respiratory  care  service 
(RCS)  budget 

l-5%ofanRCS 

budget 

more  than  5%  of  an 
RCS  budget 


Efficacy  assessment  focused  on  engineering  design 
features  would  be  reasonable  only  for  minimal  cost 
innovations.  Efficacy  assessment  focused  on  phys- 
iologic effects  would  be  required  for  moderate  cost 
innovations.  Efficacy  assessment  focused  on  clin- 
ical outcome  would  be  required  for  a  high  cost  in- 
novation. 


B.  Regulatory  bodies  need  more  flexibility  to  apply  these 
criteria  appropriately  and  with  a  minimal  amount  of  pa- 
perwork and  bureaucratic  delay.  Federal  funding  should 
be  commensurate  with  workload.  Regulatory  bodies 
should  remember  that  approving  safe  and  useful  in- 
novations can  be  as  important  to  public  health  as  pre- 
venting the  manufacture  of  harmful  or  ineffective  ones. 

C.  Professional  organizations  should  form  groups  to  serve 
as  consulting  resources  for  manufacturers  and  third-party 
payers'  assessing  innovations. 
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Mechanical  Ventilation: 
Is  the  Ideal  A  Reasonable  Goal? 

My  charge  in  addressing  this  topic  is  to  identify  ways  in 
which  the  design,  operation,  and  clinical  utilization  of  mechani- 
cal ventilators  might  be  improved.  It  is  not  difficult  to  envi- 
sion a  theoretical  ideal  in  this  field,  and  to  make  a  "wish  list' 
for  both  ventilators  and  clinical  ventilator  management  (Table 
1 ).  On  such  a  list  for  the  ideal  ventilator  would  be  the  capa- 
bility to  generate  any  tidal  volume,  pressure,  or  inspiratory 
flow  the  clinician  might  desire,  and  the  ability  to  produce  a 


Dr  Pierson  is  Professor  of  Medicine  at  the  University  of  Washington,  and 
is  Medical  Director,  Respiratory  Care,  at  Harborview  Medical  Center, 
Seattle,  Washington. 

A  version  of  this  paper  was  presented  by  Dr  Pierson  during  the  American 
Respiratory  Care  Foundation  Consensus  Conference.  "Assessing 
Innovations  for  Mechanical  Ventilatory  Support"  from  January  13-15. 
1995  in  Ixtapa.  Mexico. 

The  author  has  no  financial  interest  in  any  of  the  commercial  products 
mentioned  in  this  paper. 

Reprints:  David  J  Pierson  MD,  325  Ninth  Avenue,  Box  359762,  Seattle. 
W A  98104. 


limitless  array  of  waveforms,  modes,  or  breathing  patterns 
and  to  match  these  perfectly  to  the  needs  of  the  individual  pa- 
tient. This  ideal  ventilator  would  be  intuitive,  easy  for  clini- 
cians to  understand  and  use  (even  clinicians  with  limited  train- 
ing in  the  principles  of  physiology  and  engineering),  and 
acceptable  to  patients. 

Table  1.      Mechanical  Ventilation:  The  Ideal 

The  Ideal  Ventilator 

High  capability  (volumes;  pressures;  flows) 

Versatile  (modes;  clinical  settings;  patient  demands) 

Reliable 

Simple  to  use 

Acceptable  to  patients 

Inexpensive 
The  Ideal  Mode  or  Approach  to  Ventilatory  Support 

Meets  targets  for  gas  exchange  (eg,  Pao2.  PaCCh) 

Unloads  ventilatory  muscles 

Does  not  compromise  cardiac  function 

Minimizes  exposure  to  high  inspired  oxygen  tensions 

Does  not  damage  airways  or  lung  parenchyma 

Is  intuitive  and  easy  to  apply 

Is  comfortable  for  patients 

Facilitates  weaning 

Requires  minimal  monitoring,  few  laboratory  tests 

Is  not  excessively  labor-intensive 

Is  inexpensive 
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The  ideal  mode  or  ventilation  strategy  would  permit  attain- 
ment of  the  clinician's  chosen  arterial  blood-gas  targets  with- 
out compromising  cardiac  function  or  causing  parenchymal 
lung  injury  from  excessive  volumes  or  pressures.  It  would  mini- 
mize exposure  to  high  inspired  oxygen  fractions  (Fio:),  and 
eliminate  the  need  for  translaryngeal  or  transtracheal  intubation, 
with  their  attendant  predispositions  to  airway  damage  and  res- 
piratory infections.  Like  the  ideal  ventilator,  this  ideal  ven- 
tilation mode  or  strategy  would  be  easy  for  the  clinician  to 
understand  and  apply,  and  would  be  comfortable  and  acceptable 
to  patients.  It  would  require  a  minimum  of  monitoring  and 
would  generate  a  minimum  of  expense  in  the  form  of  blood- 
gas  analysis  and  other  laboratory  tests. 

Like  a  hypothetical,  ideal  antibiotic — tine  that  is  effective 
against  every  known  pathogen,  does  not  induce  resistance,  and, 
at  the  same  time,  causes  no  adverse  effects  and  is  inexpensive 
to  make  and  administer — all  this  sounds  too  good  to  be  true, 
and  it  is.  No  antibiotic  could  ever  fulfill  all  those  requirements, 
not  because  the  pharmaceutical  industry  lacks  the  necessary 
sophistication  to  make  it,  but  because  some  of  the  individual 
requirements  are  mutually  incompatible  and  the  combination 
is  inherently  impossible.  Likewise,  to  achieve  all  the  attributes 
of  the  ideal  ventilator  or  ventilation  strategy  would  not  be  pos- 
sible because  of  the  nature  of  the  beast — the  inherent  limita- 
tions created  by  the  human  host  and  its  response  to  disease. 

This  is  not  to  say  that  mechanical  ventilation  cannot  move 
in  the  direction  of  perfection.  Although  not  all  the  items  in 
Table  1  are  currently  achievable  (at  least  not  all  at  the  same 
time),  a  number  of  practical,  clinically  helpful  innovations 
are  within  our  reach.  In  this  article.  I  describe  a  number  of 
directions  that  such  innovations  might  take.  In  order  to  place 
them  in  appropriate  perspective.  I  will  first  refer  to  the  his- 
tory of  ventilators  and  ventilation  strategies  during  the  past 
quarter  century  (Table  2). 


(Table  312"62).  The  design  and  manufacture  of  ICU  ventila- 
tors burgeoned  in  the  face  of  clinician  demands  for  more  modes 
and  machine  capabilities.  Ventilators  and  their  associated  mon- 
itors and  ancillary  features  became  more  potent  and  more  ver- 
satile— and  also  much  more  expensive.  Mechanical  ventilation 
became  enormously  profitable — for  the  industry,  for  hospital 
respiratory  care  departments,  and  for  the  increasing  numbers 
of  pulmonologists  and  anesthesiologists  practicing  in  this  field. 

Table  2.      Evolution  of  Ventilatory  Management  in  Severe  Acute 
Respiratory  Failure 

Era  Characteristics  of  Problems 

Mechanical  Ventilation 


1960s       Limited  support  capabilities 
(minute  ventilation;  flows; 
pressures) 

Limited  monitoring  of  patient 
and  apparatus 

1970s,     Greatly  increased  support 
1980s      capabilities 


Greatly  increased  monitoring 
capabilities;  proliferation  of 
cardiorespiratory  variables 
and  clinical  indices 

Focus  on  limiting  lung 
exposure  to  high  volumes 
and  pressures  (permissive 
hypercapnia) 


Available  support  inadequate 
for  some  patients 


Limited  data  for  appropriate 
and  timely  decision  making 

Ventilator-induced  lung 
injury;  increasing  costs;  fear 
of  litigation 

Conflicting  approaches, 
goals,  and  philosophies; 
absence  of  controlled  trials 
and  outcome  data 

Limited  resources;  risk 
management 


Focus  on  decreasing  costs  Absence  of  data  on  safety; 

and  resource  use  in  monitoring      lack  of  consensus  on  goals 


The  Evolution  of  Mechanical  Ventilation 

In  the  early  1970s,  the  acute  respiratory  distress  syndrome 
(ARDS)'  had  recently  been  described, :  and  positive  end-ex- 
piratory pressure  (PEEP)'  had  been  identified  as  an  effective 
means  for  improving  arterial  oxygenation  in  this  disorder.3"5 
In  use  were  both  pressure-cycled  ventilators,  such  as  the  Bird 
Mark  14  and  the  Bennett  PR-2.  and  volume-cycled  ventila- 
tors, such  as  the  Bennett  MA-1  and  the  Ohio  560,  although 
they  were  '97-pound  weaklings'  in  comparison  with  the  ICU 
ventilators  introduced  since  1990.'' s 

The  mortality  of  ARDS  was  high — about  two  thirds  of  the 
patients  died2 — and  clinicians  felt  the  need  for  more  powerful 
ventilators  and  more  effective  management  strategies.  Both 
clinician-investigators  and  a  rapidly  expanding  industry  re- 
sponded vigorously  and  creatively  to  this  perceived  need,  and 
during  the  succeeding  two  decades  a  large  number  of  inno- 
vative approaches  were  put  into  clinical  use  (or  at  least  con- 
templated) for  the  management  of  severe  respiratory  failure''  " 


Although  the  more  exotic  approaches  listed  in  Table  3  re- 
main the  province  of  investigators  and  have  seen  limited  ap- 
plication in  clinical  practice,  during  the  1970s  and  early  1980s 
the  management  of  patients  with  ARDS  became  more  ag- 
gressive as  ventilators  of  higher  capacity  were  introduced 
(Fig.  1  ).63  The  use  of  PEEP,  commonly  to  levels  exceeding 
10-15  cm  HiO.  in  order  to  keep  patients'  arterial  Pq,  values 
in  the  normal  range,  and  of  12-15  mL/kg  tidal  volumes  (twice 
the  normal,  'physiologic'  values)  became  the  standard  of  care. 
Peak  airway  pressures  over  50  cm  fLO.  and  minute  ventilations 
of  more  than  20  L/min,  were  required  not  infrequently  in  man- 
aging patients  with  ARDS  in  order  to  'normalize'  arterial  P<x>2- 

With  new  ventilators  and  modes  came  new  monitors  and 
new  variables  for  monitoring.  The  pulmonary  artery  catheter 
became  an  accepted  part  of  the  management  of  critically  ill 
patients  and  opened  up  a  whole  new  field  of  aggressive  hemo- 
dynamic manipulation,  based  on  calculated  indices  of  oxygen- 
ation and  management  goals  not  previously  familiar  to  clin- 
icians. Management  became  more  ami  mote  complicated,  and 
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the  costs  of  ICU  care  mushroomed — eventually  exceeding 
1%  of  the  U.S.  gross  domestic  product  (GDP).64  The  mortality 
of  ARDS  remained  about  60%.65- 66 

Table  3.      Past  and  Proposed  Innovations  in  Mechanical  Ventilation  To 
Improve  Gas  Exchange  (Chiefly  Oxygenation) 

'Conventional'  Ventilator  Manipulations'2-13 

PEEP,*-'-4  Super-PEEP,1415  Optimum  PEEP.l6the  systematic  PEEP 
trial1718 

Variations  in  pressure-flow  waveforms13  (eg.  decelerating  flow19) 
Inverse  I-E'  ratio  ventilation20-21 
New  Ventilator  Modes  or  Techniques2224 

Pressure-targeted  ventilation  (eg,  pressure  control25) 
Airway  pressure  release  ventilation26-27 
Proportional  assist  ventilation28-29 
High-frequency  ventilation23-30 

High-frequency  positive-pressure  ventilation 

High-frequency  jet  ventilation31 

High-frequency  oscillatory  ventilation32 

High-frequency  body  surface  oscillation 
Tracheal  gas  insufflation33-34 
Differential  lung  ventilation35 
Non-Airway  or  Supplementary  Approaches36 

Extracorporeal  membrane  oxygenation  (ECMO)'7 
Low-frequency  positive-pressure  ventilation  with  extracorporeal 

carbon  dioxide  removal  (LFPPV-ECCO2R)3IM0 
Intravascular  oxygenation  (1VOX)41-42 
New  Strategies  for  Manipulating  Oxygen  Delivery  and  Utilization43 
Optimizing  Oi  delivery4"9 

Reducing  Ot  consumption  (eg  muscle  relaxation;  hypothermia)43 
Miscellaneous  Approaches 
Prone  positioning50  5: 
Pharmacologic  agents 

Corticosteroids53 

Prostaglandin  Ep54 

Inhaled  nitric  oxide55  59 
Liquid  ventilation;  partial  liquid  ventilation60  62 


*  PEEP,  positive  end-expiratory  pressure 
t  I-E,  inspiration:expiration 


During  the  1980s,  along  with  the  dozens  of  articles  extolling 
new  devices,  modes,  and  management  approaches,  reports 
of  a  darker  side  of  mechanical  ventilation  began  to  appear — 
ventilator-induced  lung  injury.65"70  By  1990,  an  ever-increasing 
body  of  data  from  both  animal  models  and  patients  was  avail- 
able to  support  the  notion  that  repetitively  stretching  the  lung, 
with  high  peak  volumes  and  high  trans-alveolar  pressures,  was 
injurious,7174  and  a  ventilator  strategy  dedicated  to  provid- 
ing whatever  pressures  and  volumes  were  necessary  to  main- 
tain normal  blood-gas  values  began  to  seem  less  and  less  ad- 
visable. At  the  same  time,  several  investigators  reported  that 
ventilating  patients  with  status  asthmaticus75-76  or  ARDS77  79 
at  much  lower  pressures  and  minute  volumes — despite  the 
high  Peon  and  lower  pH  values  that  this  produced — was  not 
only  well  tolerated  but  also  appeared  to  decrease  mortality. 
Although  no  randomized  control  trials  of  the  new  "lung-pro- 
tective" strategy"1- '  '-68  (permissive  hypercapnia8(m)  in  ARDS 


have  yet  appeared,  ventilatory  management  has  taken  an  abrupt 
turn  toward  this  approach. 

Coincident  with  the  emergence  of  the  'less  is  more'  con- 
cept of  permissive  hypercapnia  has  come  an  economic  and 
organizational  revolution  in  U.S.  health  care,  aimed,  primarily, 
at  making  it  less  expensive.  The  days  of  unlimited  reimburse- 
ment to  hospitals  and  physicians  for  new,  more  expensive  man- 
agement strategies  are  now  gone  and  with  them  much  of  the 
impetus  for  innovation  in  mechanical  ventilation.  Intensive 
care  units,  which  account  for  only  7.5%  of  U.S.  hospital  beds 
but  generate  28%  of  all  acute  hospital  charges,64  have  come 
under  increasing  scrutiny  as  targets  for  cost  reduction. 

Yet  areas  remain  in  which  improvements  could  benefit  both 
patients  and  clinicians.  In  the  pages  to  follow,  I  describe  some 
of  these  areas,  based  on  my  own  observations  and  biases  but 
also  on  discussions  with  a  number  of  respiratory  care  prac- 
titioners whose  experience  and  insights  I  value. 


10       20       30       40       50       60       70       80       90      100 
Dialed  Minute  Ventilation  (L/min) 

Fig.  1.  Performance  of  four  ventilators  available  in  the  1980s  [Sie- 
mens Servo  900C  (— );  Puritan-Bennett  7200a  (-  -  ■);  Bear  5  (-  -  -); 
and  Hamilton  Veolar  (  )]  in  comparison  with  a  representative 
ventilator  from  a  decade  earlier  [Puritan-Bennett  MA-1(-  -  -  -  •)]. 
Actual  delivered  minute  ventilation  (vertical  axis)  was  compared  to 
dialed  minute  ventilation  (horizontal  axis)  using  a  test  lung.  The 
test  conditions  were  tidal  volume  1 .00  L,  compliance  20  mL/cm 
H20,  and  PEEP  20  cm  H20.  Circles  represent  the  maximum  min- 
ute ventilation  each  ventilator  could  achieve  with  inspiratory  time 
less  than  expiratory  time;  above  the  minute  ventilations  indicated 
by  the  circles,  l:E  ratio  became  >  1 .0.  (Reproduced,  by  permission, 
from  Pierson  DJ,  Capps  JS,  Hudson  JD:  Maximum  ventilatory  ca- 
pabilities of  four  current-generation  mechanical  ventilators.  Respir 
Care  1986;31:1054-1058.)63 


Current  Limitations  &  Areas  for  Innovation 

Of  all  the  patients  who  develop  ARDS  and  who  fail  to  sur- 
vive the  hospitalization,  only  a  minority  (approximately  15%) 
die  of  ARDS.  Most  of  them  die  of  the  underlying  illness  pre- 
disposing to  the  development  of  ARDS  or  as  a  result  of  sep- 
sis or  other  complications.65-85  Nonetheless,  there  remain  some 
patients  in  whom  adequate  arterial  oxygenation  cannot  be 
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achieved  with  conventional  ventilators  and  approaches.  Patients 
who  require  mechanical  ventilation  for  any  reason  are  subject 
to  a  host  of  complications,86"88  many  of  which  can  increase  mor- 
tality and  morbidity.  As  technologically  splendid  as  current  ICU 
ventilators  are,  their  safe  operation  and  optimal  adaptation  to 
patient  demands*"  remain  difficult  and  confusing  for  many  clin- 
icians. As  a  result,  patients  may  experience  unnecessary  dys- 
pnea and  agitation.  And,  the  high  costs  of  purchase,  operation, 
maintenance,  and  repair  constitute  a  problem  not  only  for  res- 
piratory care  department  managers  but  also  for  society  as  a  whole. 
Thus,  there  is  plenty  of  room  for  improvement.  The  directions 
that  such  improvement  could  take  are  listed  in  Table  4  and  sep- 
arated into  5  categories — ventilator  capabilities,  complications, 
clinician  issues,  patient  issues,  and  costs. 

Ventilator  Capabilities 

Is  there  a  need  for  larger  delivered  tidal  volumes,  faster 
rates,  higher  pressure  capabilities,  and  higher  flows?  As  demon- 
strated in  Figure  1 ,  the  previous  generation  of  ventilators  could 
effectively  deliver  volumes  requiring  flows  well  in  excess  of 
30  L/min  at  inspiratory-expiratory  ratios  less  than  1,  even  in 
the  presence  of  reduced  compliance,  high  levels  of  PEEP,  and 
large  tidal  volumes.61  All  current  ICU  ventilators  can  generate 
peak  pressures  approaching  or  exceeding  100  cm  HiO.7889 
Studies  on  experimental  animals  have  amply  demonstrated 
the  ability  of  much  lower  pressures  than  this  to  cause  severe 
lung  damage.71 74  However,  even  at  acceptable  airway  pres- 
sures and  tidal  volumes,  many  ventilators  in  current  use  do 
not  deliver  an  inspiratory  flow  adequate  to  prevent  dyspnea 
and  excessive  patient  work,  especially  transiently  at  the  start 
of  inspiration.1"'  Healthy  persons  generate  peak  inspiratory 
flowrates  well  in  excess  of  those  produced  by  many  venti- 
lators just  in  normal  conversation,  and  the  inability  to  inspire 
rapidly  enough  is  an  important  contributor  to  patient-venti- 
lator dyssynchrony  in  the  presence  of  dyspnea. 

As  discussed  below,  it  is  not  so  much  the  maximum  out- 
put capabilities  or  number  of  individual  features,  but  rather 
the  appropriateness,  versatility,  adaptability,  and  responsiveness 
of  today's  ventilators  that  could  be  improved. 

Ventilator- Associated  Complications 

A  large  number  of  adverse  effects  and  complications  occur 
in  patients  on  ventilators.868891  The  main  complications  of 
mechanical  ventilation  are: 

•  adverse  physiologic  effects  of  positive  intrathoracic  pres- 
sure, 

•  dynamic  hyperinflation  and  auto-PEEP, 

•  extra-alveolar  air  (barotrauma). 

•  consequences  of  ventilator  malfunction, 

•  complications  of  intubation  and  artificial  airways. 

•  ventilator-associated  pneumonia,  and 

•  patient-ventilator  dyssynchrony  ( 'fighting'  the  ventilator). 


Table  4.      Aspects  of  Mechanical  Ventilation  lor  which  Innovation 
Would  Be  Helpful 

Ventilator  Capabilities 

(Minute  ventilation:  inspiratory  flows;  pressures) 
More  clinically  relevant  monitors 

Avoidance  of  Complications 

Ventilatory  support  without  translaryngeal  or  transtracheal  intubation 
Improved  ability  to  detect  risk  for  or  presence  of  barotrauma 
Detection  and  warning  of  inappropriate  settings 
Improved  reliability 

Aspects  Affecting  the  Clinician 
Standardization 
Terminology 
Definitions 
Alarms 
Simplification 

Number  of  available  waveforms,  modes,  and  variations 
Number  of  individual  controls  and  displays 
Versatility  and  adaptability 
With  different  sized  patients 
With  varying  needs  for  volume,  pressures  and  flows 
Ventilator  should  assist  clinician  in  determination  of  best  settings 

for  each  patient  (eg,  least  work  of  breathing,  best  compliance. 

least  tachypnea) 
Monitoring 

More  relevant  measures  of  traditional  variables 

Corrected  (instead  of  dialed)  tidal  volume 

Plateau  (instead  of  peak)  pressure 

Pressures  at  airway  opening  (instead  of  at  exhalation  valve) 
Additional  clinically  relevant  variables 

Auto-PEEP* 

Work  of  breathing  (total;  ventilator;  patient) 

Lung  volumes  (eg.  FRC*  or  at  least  changes  in  FRC) 
Capability  of  retrieving  recent  data  as  needed  (eg.  trends  over 

several  hours),  but  not  necessarily  displaying  it  continuously 
Capability  of  detecting  clinically  inappropriate  data  (eg,  end- 

inspiratory  plateau  pressure  in  actively  exhaling  patient) 
Alarms 

Distinctive  sounds  and/or  patterns  for  alarms  indicating  different 

functions 
Standardization  of  alarm  sounds/patterns  among  models/ 

manufacturers 
Improved  capability  to  distinguish  between  artifact  and  clinically 

important  change 

The  Patient-Ventilator  Interface 

Better  detection  and  display  of  failure  to  meet  flow/volume  needs 
Better  matching  of  How  and/or  volume  to  patient's  needs 
Fewer,  less  irritating  alarms 
Quieter  ventilator  operation 

Cost  Considerations 

Motivation/incentives  for  manufacturers,  hospitals,  and  indi\  idual 

clinicians  to  reduce  costs  and  choose  less  resource-intensive 

therapies 
Protection  of  individual  clinicians,  hospitals,  and  manufacturers  from 

the  threat  of  litigation,  while  assuring  reasonable  patient  safety 


*  PEEP,  positive  end-expiratory  pressure 
t  FRC,  functional  residual  capacitj 
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Although  the  complications  listed  here  occur  with  discour- 
aging frequency,  it  should  be  emphasized  that  many  of  them 
are  associated  with,  rather  than  caused  fry  mechanical  ven- 
tilation.xs  That  is,  they  develop  in  patients  rendered  vulner- 
able to  adverse  events  by  critical  illness  and  the  invasive  sup- 
port required  for  its  management. 

Another  way  to  think  about  complications  that  is  helpful 
in  positing  potential  innovations  is  to  classify  them  as: 

•  complications  caused  by  the  patient's  underlying  disease 
(ie,  unrelated  to  management), 

•  complications  caused  by  how  the  clinician  chooses  to  use 
the  ventilator  (eg,  mode,  PEEP  level,  clinical  targets), 

•  complications  caused  by  the  ventilator  (eg,  design,  operation, 
maintenance),  or 

•  complications  related  to  the  need  for  airway  access  (eg, 
consequences  of  intubation  and  artificial  airways;  lower 
airway  colonization  with  subsequent  ventilator-associat- 
ed pneumonia42-93). 

From  this  list  only  the  last  two  categories  would  seem  amenable 
to  innovation  in  ventilator  design.  However,  as  suggested  in 
Table  4,  design  features  that  improve  the  clinician's  ability 
to  prevent  or  detect  ventilator-induced  lung  injury  or  that  fa- 
cilitate the  selection  of  volumes,  flows,  and  breathing  rates 
more  appropriate  to  the  patient's  needs  could  reduce  com- 
plications even  when  these  are  not  primarily  a  function  of  ven- 
tilator operation. 

Issues  Affecting  the  Clinician 

Standardization.  The  current  lack  of  convention  and  stan- 
dardization among  ventilator  models  and  manufacturers  is  con- 
fusing, especially  for  clinicians  who  come  into  contact  with 
more  than  one  type  of  ventilator.  For  example,  does  AMV 
mean  assisted  mechanical  ventilation  (assist/control  mode) 
or  augmented  minute  volume?  When  a  patient  is  receiving 
20  cm  H20  of  pressure  support  and  15  cm  H20  of  PEEP  in 
pressure-targeted  ventilation,  is  the  peak  airway  pressure  20 
or  35  cm  H2O?  The  answers  to  these  and  a  number  of  other 
questions  differ  depending  on  which  ventilator  one  is  using. 
All  such  terminology  and  definitions  should  be  standardized. 

Simplification.  Although  the  multitude  of  knobs  and  possible 
settings  on  today's  ventilators  have  been  put  there  for  good 
reason  and  in  response  to  perceived  clinician  (ie,  consumer) 
demand,  the  result  is  often  'too  many  notes.'  to  quote  the  Em- 
peror in  the  motion  picture,  Amadeus.  Even  clinician-investiga- 
tors specializing  in  this  field  and  caring  for  the  most  critically 
ill  patients  do  not  use  all  the  available  options,  and  the  array 
of  choices  must  be  very  confusing  to  infrequent,  less-expert 
users.  When  setting  up  one  type  of  ventilator  currently  used 
in  my  hospital,  the  clinician  must  select  from  7  different  in- 
spiratory waveforms.  Inasmuch  as  no  studies  have  been  done 
to  evaluate  whether  inspiratory  waveforms  make  a  clinical- 
ly important  difference  in  a  patient's  recovery  from  acute  res- 


piratory failure,  having  7 — or  even  2 — waveform  choices 
seems  excessive  and  unnecessary. 

In  a  thoughtful  essay  on  the  ventilator  of  the  future.  East94 
envisioned  a  much  simpler  device  with  fewer — rather  than 
more — knobs  and  indicators.  Especially  in  this  era  of  cost  con- 
tainment, manufacturers  and  clinicians  are  going  to  have  to 
abandon  the  concept  of  having  every  conceivable  feature  avail- 
able on  every  ventilator.  'Enough'  is  going  to  have  to  replace 
'everything,'  and  'adequate'  may  have  to  replace  'ideal.' 

Versatility.  Patients  who  present  extreme  demands  for  ven- 
tilatory support  bring  out  the  limitations  in  some  ventilators. 
For  example,  consider  the  needs  of  the  120-kg  man  with  multi- 
system trauma  and  ARDS,  with  total  ventilation  22  L/min  and 
static  respiratory  system  compliance  12  mL/cm  H2O.  com- 
pared with  those  of  a  comatose  45-kg  woman  following  a  seda- 
tive overdose,  whose  ventilation  requirement  is  4  L/min  with 
compliance  90  mL/cm  PLO.  The  hospital  at  which  I  practice 
cares  primarily  for  adult  patients  with  acute  medical-surgi- 
cal illness.  We  seldom  ventilate  infants,  but  when  we  do  we 
are  quickly  reminded  of  the  suboptimal  performance  of  our 
ventilators  for  these  patients  in  this  setting.  Must  we  purchase 
a  separate  ventilator,  to  be  used  less  often  than  once  a  month, 
for  these  occasional  patients'? 

Ventilators  should  not  only  be  able  to  provide  support  for 
patients  fitting  these  descriptions  and  others,  but  they  should 
also  assist  the  clinician  in  determining  the  best  settings  for 
the  individual  patient.  Relevant  data  to  facilitate  determination 
of  the  most  appropriate  tidal  volume  (for  example,  using  com- 
pliance and  end-inspiratory  plateau  pressure),  flowrate  (as- 
sessing patient  effort  and  capability),  Fio2  and  cycling  fre- 
quency (based  on  rapid  assessment  of  gas  exchange)  could 
reduce  clinician  time  and  laboratory  utilization  as  well  as  pa- 
tient discomfort. 

Monitoring.  For  understandable  reasons,  ventilators  often  mon- 
itor what  is  convenient  to  monitor  rather  than  what  may  be 
most  appropriate  physiologically.  I  acknowledge  the  difficulties 
involved,  but  it  would  be  more  useful  to  clinicians  to  follow 
corrected  tidal  volume  than  dialed  volume,  more  relevant  to 
monitor  pressures  at  the  airway  opening  (or  even  in  the  tra- 
chea) than  at  the  exhalation  valve,  and  more  pertinent  to  mea- 
sure plateau  pressure  than  peak  inspiratory  pressure. 

No  aspect  of  ventilator  management  is  more  important  than 
the  understanding,  recognition,  and  management  of  auto- 
PEEP,95-96  and  all  ventilators  should  be  capable  of  monitor- 
ing it.  Another  function  crucial  to  appropriate  ventilator  adjust- 
ment is  work  of  breathing  by  both  ventilator  and  patient.90  Some 
clinically  appropriate  aspect  of  the  work  of  breathing  should 
be  monitored,  especially  when  modes  or  approaches  providing 
only  partial  ventilatory  support  are  used.  In  addition,  the  ca- 
pability of  continuously  or  repeatedly  monitoring  lung  vol- 
ume (ie,  functional  residual  capacity),  or  changes  in  lung  vol- 
ume with  changes  in  PEEP  or  other  therapy,  would  greatly 
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facilitate  management,  as  this  can  be  a  direct  measure  of  the 
progression  of  disease  and  the  success  of  management.1" 

Ventilators  should  monitor  more  but  display  less.  My  car's 
dashboard  has  a  digital  display  that  reads  'normal'  unless 
something  goes  wrong.  It  does  not  continuously  display  the 
oil  pressure,  or  the  function  of  the  brake  lights,  or  whether 
all  the  doors  are  closed.  Instead,  it  keeps  track  of  these  things 
and  only  tells  me  about  them  when  the  data  fall  outside  the 
specified  monitoring  parameters.  I  believe  that  it  would  be 
of  great  benefit  to  patients  and  the  majority  of  clinicians  if 
ventilators  did  the  same. 

With  the  need  for  attention  to  risk  management,  the  abil- 
ity to  retrieve  monitoring  data,  say  for  the  6  hours  preceding 
an  adverse  event,  would  be  helpful.  Such  retrieval  could  be 
triggered  automatically  if  the  functions  being  monitored  fell 
outside  a  set  range,  but  the  reams  of  data  collected  would  not 
otherwise  need  to  be  saved. 

Finally,  it  would  be  of  great  help  to  those  managing  me- 
chanical ventilation  if  aberration  and  artifact  could  be  dis- 
tinguished from  physiologically  appropriate  measurements. 
For  example,  measurements  of  end-inspiratory  plateau  pres- 
sure or  auto-PEEP  are  not  helpful  if  the  patient  is  actively  ex- 
haling, and  if  this  could  be  detected  and  indicated  by  the  ven- 
tilator (or  better  yet  not  accepted  as  routine  monitoring  data), 
there  would  be  less  likelihood  that  inappropriate  clinical  de- 
cisions would  be  made  on  the  basis  of  the  measurements. 

Alarms.  Alarms  for  the  same  functions  on  different  ventilators 
have  different  sounds  or  patterns,  and  standardization  between 
models  and  among  manufacturers  is  badly  needed.  The  same 
sound  should  always  mean  the  same  thing,  regardless  of  what 
mode  or  ventilator  is  being  used. 

Innovations  are  badly  needed  to  reduce  the  number  of  nui- 
sance alarms  in  the  ICU.  In  one  recent  study  of  alarms  in  a 
pediatric  unit,  there  were  1 7  false  alarms  for  every  true  alarm; 
for  ventilator  alarms,  the  positive  predictive  value  (the  likeli- 
hood that  a  condition  for  which  the  alarm  was  intended  was 
actually  present)  was  only  3%/JX  There  must  be  ways  to  dis- 
tinguish more  effectively  between  an  artifact  and  a  clinical- 
ly important  event.  Caregivers  and  patients  alike  would  ben- 
efit from  an  innovation  that  accomplishes  this. 

Issues  Affecting  the  Patient 

Several  of  the  issues  discussed  previously  have  direct  im- 
pact on  the  patient's  experience  of  mechanical  ventilation. 
The  ideal  ventilator  should  be  capable  of  detecting  failure  to 
meet  the  patient's  flow  and/or  volume  needs,  and  of  correcting 
this  automatically,  or  at  least  guiding  the  clinician  in  doing 
so.  From  the  patient's  standpoint  there  should  be  fewer,  less 
irritating  alarms'" — perhaps  more  use  of  time  delays  and  re- 
mote as  opposed  to  bedside  audible  alarms  except  when  a  care- 
giver is  actually  at  the  bedside,  as  determined  by  bedside  pres- 
sure or  motion  detectors.  Some  ventilators  make  excessive 


amounts  of  noise  and  reducing  this  would  surely  be  appre- 
ciated by  patients  and  caregivers  alike. 

Issues  Pertaining  to  Costs 

Two  innovations  are  badly  needed  here,  although  I  confess 
to  a  lack  of  ideas  for  bringing  them  to  fruition.  The  first  is  to 
completely  reverse  the  market  forces  that  have  driven  venti- 
lator design  for  20  years.  That  is,  there  must  be  an  appropri- 
ate incentive  to  make  less  expensive  ventilators  with  fewer  fea- 
tures. A  decade  ago,  one  of  the  major  ICU  ventilators  was  touted 
as  a  basic,  relatively  inexpensive  unit  onto  which  more  features 
could  be  added  if  needed,  effectively  enabling  the  purchaser 
to  customize  and  upgrade  the  product  according  to  the  patient 
population  served  and  other  considerations.  One  could  order 
the  'Rolls  Royce'  version  if  one  managed  lots  of  high-demand 
ARDS  patients  and  wanted  all  the  latest  features,  but  a  much 
less  expensive  'Chevrolet'  version  in  most  other  settings. 

What  happened  to  that  concept?  The  only  versions  of  that 
ventilator  I  have  ever  seen  in  actual  use  are  'Rolls  Royces.' 
It  appears  that  nobody  bought  'Chevrolets.'  Actually,  it's  easy 
to  understand  what  happened.  Clinicians  wanted  all  the  lat- 
est modes  and  capabilities  and  monitors,  administrators  were 
anxious  to  say  their  hospitals  had  the  best  available  equip- 
ment, and  the  manufacturer  could  make  higher  profits  by  sell- 
ing top-of-the-line  models.  None  of  these  things  is  dishonor- 
able or  nefarious.  However,  this  whole  process  must  change 
if  the  costs  of  ventilator  management  are  to  be  reduced.  As 
I  noted  earlier  and  although  we  may  not  like  it,  'enough'  is 
going  to  have  to  replace  'everything,'  and  'adequate'  may  have 
to  replace  'ideal.'  Few  of  us  drive  Rolls  Royces,  yet  we  some- 
how manage  to  get  to  where  we  need  to  go. 

This  is  not  to  say  that  everyone  involved  in  mechanical  ven- 
tilation should  not  continue  to  strive  to  make  it  better.  In- 
novation is  as  important  in  the  1990s  as  it  was  in  the  1970s 
and  1980s;  but  the  rules  are  changing,  and  it  is  becoming  more 
difficult  to  place  innovations  into  the  process.  A  sound  rationale 
or  some  short-term  physiologic  change  without  overall  out- 
come or  cost-effectiveness  data  will  no  longer  suffice  to  jus- 
tify the  introduction  of  more  costly  modes  or  features. 

The  second  cost  innovation  requires  that  our  culture's  be- 
havior change  with  respect  to  litigation.  If  those  who  deliv- 
er health  care  are  to  be  required  to  provide  less  than  what  could 
possibly  be  provided  irrespective  of  expense  and  resources. 
then  they  must  be  protected  from  the  threat  of  malpractice  suits. 
At  the  same  time,  safeguards  must  be  in  place  to  protect  pa- 
tients from  negligence.  I  cannot  envision  a  workable  com- 
bination of  these  things  without  fundamental  changes  in  our 
legal  system. 

In  Conclusion 

Mechanical  ventilation  has  evolved  in  such  a  manner  as 
to  maximize  the  utilization  of  resources.  Now.  confronted  by 
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the  finite  nature  of  those  resources,  everyone  involved  with 
this  aspect  of  respiratory  care  will  have  to  make  adjustments. 
In  what  has  been  intended  as  a  hopeful  (if  sobering)  article, 
I  have  tried  to  suggest  ways  in  which  ventilators  and  venti- 
latory management  might  be  improved.  The  challenge  of  ac- 
complishing at  least  some  of  these  improvements  without  fur- 
ther increasing  the  utilization  of  resources  is  a  daunting  one, 
but,  I  hope,  not  beyond  our  capabilities. 
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Mechanical  Ventilation  Innovations: 
The  Manufacturer's  Perspective 

Douglas  F  DeVries 
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Background 

The  top  leaders  of  manufacturing  companies  have  in- 
creasingly moved  new  products  into  a  more  central  role  in 
corporate  strategies.  The  idea  is  to  build  businesses  through 
the  introduction  of  new  products.  As  a  result,  recent  years  have 
seen  company  after  company  explicitly  state  the  goal  that,  with- 
in 5  years,  it  will  have  20%,  30%,  40%,  or  more  of  its  rev- 
enue derived  from  new  products.  But,  at  the  same  time,  the 
challenge  of  developing  successful  new  products  has  become 
much  tougher.1  The  process  of  bringing  innovations  in  me- 
chanical ventilation  to  the  market  is  complex  and  involves 
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manufacturers,  clinicians,  administrators,  and  regulatory  agen- 
cies. Additionally,  these  new  products  must  be  brought  to  mar- 
ket quickly  in  order  to  be  competitive  and  to  generate  an  ac- 
ceptable return  on  investment.  As  the  complexity  and  cost  of 
product  development  increase,  the  rate  of  product  innovation 
decreases.  To  reverse  this  trend,  manufacturers  must  work 
closely  with  clinicians,  health-care  administrators,  and  the  reg- 
ulatory community  to  streamline  the  process  and,  thus,  en- 
sure a  continuing  stream  of  effective  new  products. 

The  New-Product-Development  Process 

Developing  new  mechanical  ventilation  products  is  a 
lengthy  process  involving  many  phases.  Most  companies  use 
some  variation  of  the  following  chronologic  process  to  bring 
new  products  to  market: 

1 .  Idea  Generation.  All  products  start  with  an  idea.  Ideas  come 
from  many  sources,  but,  increasingly,  the  most  success- 
ful product  ideas  originate  with  the  customer. 

2.  Product- Idea- Evaluation  Process.  Most  companies  receive 
more  product  ideas  than  they  have  resources  to  develop. 
Consequently,  the  more  successful  companies  develop  an 
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effective  selection  process  that  brings  only  the  best  ideas 
to  market. 

3.  Product  Development.  Product  development  is  an  expensive 
process  involving  market  research,  engineering,  docu- 
mentation, regulatory  approval,  and  product  testing. 

4.  Manufacturing.  New  products  most  often  entail  signifi- 
cant costs  in  manufacturing  startup,  such  as  tooling  and 
additional  capital  equipment  required  for  production. 

5.  Sales  and  Service.  The  launching  of  a  new  product  requires 
sales  support  in  the  form  of  literature,  training,  and  ad- 
vertising. Additionally,  the  product  requires  complete  ser- 
vice support,  such  as  manuals,  spare  parts  inventory,  and 
technical  training. 

At  the  end  of  each  phase,  the  company  typically  reassesses 
the  product  development  project  to  see  whether  it  is  consis- 
tent with  the  company  vision  and  meets  the  established  financial 
objectives.  In  this  paper,  I  specifically  address  the  first  three 
phases  of  the  process  because  these  activities  determine  both 
the  direction  and  rate  of  product  innovation. 

Product  Ideas 

In  the  past,  many  product  ideas  have  been  generated  with- 
in the  company.  The  descriptive  term,  technology-driven,  con- 
jures up  images  of  a  group  of  geniuses  corralled  in  a  think  tank 
generating  new  product  ideas.  The  customer  has  little  input 
to  the  process  (Henry  Ford:  "You  can  have  any  color  as  long 
as  it  is  black.")  In  today's  market-driven  international  econ- 
omy, the  customer  typically  has  many  competing  product  choic- 
es. Thus,  successful  companies  must  understand  their  cus- 
tomers' needs.  It  is  my  observation  that  customers  are  now 
the  primary  source  of  ideas.  For  mechanical  ventilation,  this 
group  includes  respiratory  therapists,  physicians,  clinical  re- 
searchers, and  facility  administrators.  It  is  safe  to  say  that  more 
than  90%  of  the  innovations  in  mechanical  ventilation  involving 
a  different  method  of  gas  delivery  originated  either  directly 
or  indirectly  from  the  clinical  community.  Conversely,  the 
majority  of  ideas  involving  new  technology  that  delivers  ven- 
tilation more  accurately  or  less  expensively  originate  in  prod- 
uct-development groups. 

Traditionally,  market  research  focused  on  users  of  large 
quantities  of  existing  products.  However,  by  definition  these 
users  may  not  be  ahead  of  the  trend.  To  stay  ahead  of  the  trend, 
many  companies  are  turning  to  lead  users  or  'luminaries,'  ie, 
customers  and  potential  customers  on  the  'cutting  edge'  of 
the  company's  product  line.  By  studying  these  individuals  and 
their  suggestions  for  new  features,  a  manufacturer  can  develop 
leading-edge  products. 

Health-care  reform  and  the  pressure  of  cost  containment 
have  lead  to  another  potential  source  of  ideas.  Both  clinicians 


and  administrators  are  looking  for  more  cost-effective  prod- 
ucts. This  suggests  a  broader  definition  of  innovation,  ie,  an 
innovative  product  can  be  one  that  lowers  medical  costs  while 
maintaining  a  level  of  excellence  in  patient  care. 

The  Product-Idea-E valuation  Process 

Most  companies  are  deluged  with  product  ideas  and  must 
develop  an  effective  decision-making  process  to  determine  the 
best  products  to  pursue.  Although  the  process  varies  among  com- 
panies, the  following  questions  in  some  form  must  be  satisfied: 

Does  the  Product  Fit  the  Corporate  Vision? 

All  companies  have  a  vision,  either  implicit  or  explicit.  It 
is  recognized  that  manufacturers  become  proficient  at  certain 
processes,  often  termed  core  competencies.  These  core  com- 
petencies enable  them  to  compete  effectively  in  specific  mar- 
kets and  should  be  aligned  with  the  corporate  vision.  For  ex- 
ample, a  corporate  vision  may  state.  "ACME  Manufacturing 
will  be  the  leading  supplier  of  disposable  respiratory  prod- 
ucts in  the  world."  To  realize  this  vision,  the  company  needs 
to  develop  core  competencies  in  plastics  manufacturing  and 
international  marketing.  It  is  vital  that  new  products  be  aligned 
with  the  company  vision.  Thus,  if  a  clinician  approached 
ACME  Manufacturing  with  a  concept  for  a  new  closed-loop 
high-technology  ventilator,  the  idea  would  most  likely  be  de- 
clined-and  appropriately  so. 

Does  the  Product  Fit  the  Manufacturer's  Capabilities? 

As  previously  discussed,  manufacturers  develop  their  ca- 
pabilities to  support  the  corporate  vision.  For  example,  a  com- 
pany that  specializes  in  disposable  products  generally  would 
have  a  smaller  service  organization  than  one  focusing  on  res- 
piratory monitoring  equipment.  Successful  new  products  re- 
quire effective  support  from  all  departments  within  a  company. 

What  Are  the  Product  Liability  Risks/Costs? 

Medical  devices,  by  their  nature,  incur  liability  risks.  With- 
in the  spectrum  of  medical  devices,  liability  risks  vary  wide- 
ly. For  example,  the  failure  of  a  simple  incentive  spirome- 
ter is  less  likely  to  cause  patient  injury  than  the  failure  of  a 
ventilator.  Risks  drive  product-development  costs  and  ongoing 
manufacturing  costs  in  many  ways.  Ventilators,  for  example, 
require  in-depth  hazard  studies,  failure  modes  and  effects  analy- 
ses, and  reliability  testing  to  ensure  that  hazards  resulting  from 
product  failures  can  be  eliminated  or  minimized.  In  addition, 
product  liability  insurance  premiums  charged  to  a  manufacturer 
of  life-support  equipment  are  higher  than  the  premiums  for 
lower  risk  products.  It  is  estimated  that  these  companies  spend 
1-4%  of  total  revenues  on  insurance  premiums.  The  upper  end 
of  this  range  approaches  the  total  research-and-development 
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budget  for  some  companies.  These  issues  translate  to  a  cost 
of  doing  business  that  must  be  carefully  evaluated  before  a 
new  product  line  is  developed. 

What  Is  the  Current  Market  Size  &  Future  Potential? 

Prior  to  entering  a  new  market,  a  company  must  thoroughly 
evaluate  its  size,  growth  potential,  and  competition.  The  ideal 
market  is  large  and  growing  rapidly,  with  no  single  dominant 
competitor.  This  is  specifically  applicable  to  the  respirato- 
ry device  market,  in  which  certain  segments  of  the  domes- 
tic ventilator  market  are  flat  or  declining;  whereas,  specific 
regions  of  the  international  community  are  enjoying  rapid 
growth.  For  example,  the  estimated  total  domestic  adult  ven- 
tilator market  was  only  6,000  units  in  1993,  with  an  average 
growth  of  1 .5%  over  the  preceding  2  years.2  Entry  into  a  slow- 
growth  or  declining  market  can  result  in  financial  disaster  even 
though  the  product  is  innovative. 

What  Is  the  Product-Development  Cost? 

Product  development  for  mechanical  ventilators  can  be  cost- 
ly. Modern  ventilators  usually  consist  of  mechanical  and  elec- 
tronic subsystems  often  controlled  by  software  and  requir- 
ing professionals  from  a  broad  range  of  engineering  disciplines 
to  develop.  Engineering  activities  are  only  a  part,  and,  in  some 
cases,  a  minor  part  of  the  overall  product-development  costs. 
Increasingly,  the  cost  of  obtaining  Food  and  Drug  Administra- 
tion (FDA)  clearance  in  the  U.S.  and  the  cost  of  testing  have 
become  major  components  of  the  total  product-development 
program.  The  remainder  of  this  paper  focuses  on  these  last 
two  activities. 

In  1976,  the  FDA  began  regulating  medical  devices.  This 
regulatory  power  was  further  strengthened  by  the  passage  of 
the  Safe  Medical  Devices  Act  in  1990.3  New  products  and 
modifications  to  existing  products  are  subject  to  one  of  the 
following  FDA  processes: 

•  Pre-Market  Application  (PMA).  This  process  is  required 
when  no  pre-existing  similar  (predicate)  device  exists. 

•  Pre-Market  Notification,  5 10(k).  This  is  required  to  sat- 
isfy clinical  efficacy  when  a  predicate  device  exists.  The 
process  focuses  on  establishing  substantial  equivalence  to 
the  predicate  device  and  ensuring  that  the  development  pro- 
cess meets  FDA  guidelines. 

•  Letter-to-File.  The  proposed  modification  does  not  affect 
safety  or  efficacy,  in  the  FDA's  opinion. 

The  result  of  invoking  these  processes  has  been  a  dramat- 
ic increase  in  the  time  and  expense  associated  with  regula- 
tory approvals. 

By  definition,  the  most  innovative  new  products  are  re- 
quired to  undergo  the  PMA  process.  The  total  average  elapsed 
time  for  this  process  has  steadily  increased  over  the  last  decade, 
reaching  799  days  in  1 993.  At  the  same  time,  the  number  of 
PMA  submissions  has  decreased  from  a  high  of  nearly  100 


in  1988  to  40  in  1993.  This  decrease  is  a  direct  indicator  of 
the  level  of  product  innovation.4 

Similar  trends  are  evident  in  the  510(k)  clearance  process. 
Figure  1  illustrates  the  average  5 10(k)  clearance  times  for  Bird 
Products  Corporation  over  an  8-year  period.  Not  only  has  the 
clearance  time  increased,  but  the  amount  of  documentation 
required  has  dramatically  expanded.  Figure  2  illustrates  the 
average  page  count  for  each  submission  during  the  same  8- 
year  period.  In  my  experience,  this  increased  demand  for  doc- 
umentation diverts  time,  talent,  and  money  from  the  develop- 
ment process.  As  of  this  writing,  high-frequency  ventilation 
is  the  only  currently  marketed  mechanical  ventilation  inno- 
vation that  has  been  subjected  to  the  PMA  process.  The  high 
cost  and  delays  associated  with  this  approval  are  well  known 
in  the  industry,  providing  a  further  dampening  effect  on  in- 
novations that  may  be  subject  to  this  process. 


1986  1987  1988  1989  1990  1991   1992  1993 


Fig.  1.  Average  510(k)  clearance  time,  1986-1993.  Bird  Products 
Corporation 


1986  1987  1988  1989  1990  1991   1992  1993 


Fig.  2.  Average  510(k)  submission  page  count,  1986-1993.  Bird 
Products  Corporation 
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In  general,  the  FDA  approval  process  has  had  a  strong  neg- 
ative impact  on  the  rate  of  innovation  in  the  field  of  medical 
devices.  Companies  are  increasingly  forced  to  test,  manufacture, 
and  market  products  in  other  countries  prior  to  domestic  intro- 
duction. The  process  has  become  the  highest  risk  critical-path 
task  in  most  product-development  cycles. 

What  Testing  Is  Required  To  Establish  Efficacy? 

Product  efficacy  currently  (1995)  is  established  using  one 
or  more  of  the  following  methods: 

•  Bench  testing 

•  User-preference  testing 

•  Physiologic  clinical  trials 

•  Clinical  outcome  studies. 

Figure  3  illustrates  the  relative  cost  of  the  various  process- 
es. As  shown,  bench  testing  is  the  least  expensive  process 
whereas  clinical  outcome  testing  is  the  most  expensive.  Ac- 
tual costs  vary  from  a  few  thousand  dollars  for  simple  bench 
testing  on  a  minor  product  improvement  to  millions  of  dol- 
lars for  a  multisite  study  to  establish  clinical  outcomes.  In  the 
past,  the  FDA  510(k)  clearance  process  required  bench  and, 
optionally,  user-preference  testing  to  establish  safety  and  ef- 
ficacy; whereas,  the  PMA  process  required  physiologic  or  clin- 
ical outcome  studies.  This  practice  has  begun  to  change,  with 
the  FDA  increasingly  requesting  clinical  data  for  the  510(k) 
process.  Ultimately,  the  company  should  conduct  the  level 
of  testing  necessary  to  validate  the  claims  for  the  device. 


Type  of  Assessment 
Fig.  3.  Relative  cost  of  the  various  assessment  processes 
What  Is  the  Return  on  Investment? 


Figure  4  is  a  simplistic  graphic  representation  for  a  low- 
risk/low-cost  device  such  as  an  oxygen  blender.  This  de- 
vice would  typically  require  510(k)  clearance,  bench  test- 
ing, and  possibly  user-preference  testing.  As  shown,  the 
development  cost  could  be  $330,000,  with  a  break-even 
time  of  2.5  years. 


Fig.  4.  Return  on  investment  analysis  for  a  low-risk/low-cost  de- 
vice, oxygen  blender,  indicating  the  break-even  point  between  the 
development  cost  >^m>  and  cumulative  revenues  («■). 


Figure  5  is  a  simplistic  graphic  representation  of  a  high- 
risk/high-cost  device  such  as  a  new  closed-loop  ventila- 
tor. This  device  typically  requires  all  4  levels  of  testing  and 
a  PMA.  As  shown,  the  development  cost  could  be  $15  mil- 
lion, with  a  break-even  time  of  7  years. 


Fig.  5.  Return  on  investment  analysis  for  a  high-risk/high-cost 
closed-loop  ventilator,  indicating  the  break-even  point  between  the 
development  cost  (im)  and  cumulative  revenues  («■»). 


The  various  development  costs,  development  time,  and  rev- 
enue stream  ultimately  can  be  combined  to  estimate  the  re- 
turn on  investment.  The  actual  financial  model  varies  among 
manufacturers,  but  in  the  final  analysis  product  opportuni- 
ties that  offer  the  greatest  return  over  the  shortest  time  are  the 
most  attractive.  The  following  simplified  examples  illustrate 
this  concept. 


Few  companies  in  the  respiratory  care  industry  can  sustain 
this  level  of  investment. 

Discussion 

Unlike  the  pharmaceutical  industry,  medical  device  manu- 
facturers tend  to  be  small,  with  limited  resources  for  new-prod- 
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uct  development.  Of  the  1 8.250  medical  device  establishments 
registered  with  the  FDA  in  1993,  88%  had  fewer  than  100  em- 
ployees, and  most  of  that  88%  had  fewer  than  50  employees.'' 

Many  of  these  small  companies  produce  only  a  single  prod- 
uct and  have  limited  sales  revenue,  yet  contribute  significantly 
to  product  innovation.  Others  are  startup  companies  that  are 
dependent  entirely  on  venture  capital.  Financing  is  limited, 
but  desperately  needed,  for  basic  research-and-development 
work  and  to  acquire  the  personnel  and  facilities  to  manufacture 
the  new  technology.  This  situation,  coupled  with  the  limited 
market  potential  for  some  innovations  in  mechanical  ventila- 
tion make  it  difficult,  if  not  impossible,  for  most  manufacturers 
to  fund  lengthy  and  expensive  clinical  outcome  studies. 

Thus,  it  can  be  seen  that  the  regulatory  process  and  level 
of  testing  required  can  dramatically  affect  a  company's  deci- 
sion to  bring  a  new  product  to  market. 

Summary  &  Recommendations 

•  Manufacturers  develop  products  that  fit  the  corporate  vi- 
sion and  maximize  their  return  on  investment. 

•  The  expense  and  time  required  by  the  FDA  regulatory  ap- 
proval process  have  a  negative  impact  on  product  inno- 
vation. I  propose  the  following  approach: 


Reduce  the  amount  of  documentation  required  for  a 

PMAor510(k). 
Reduce  approval  times  through  cooperative  interaction 
among  manufacturers,  clinicians,  and  the  FDA 
throughout  the  product-development  process. 
Allow  independent  agencies  to  provide  product  ap- 
provals. 
Efficacy  assessment  guidelines  should  be  a  function  of  the 
level  of  risk  and  the  claims  made  for  the  marketed  device. 
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Introduction 

In  years  past,  respiratory  care  was  a  revenue  source  for  hos- 
pitals, with  departmental  revenues  exceeding  costs  by  large 
margins.  As  a  result,  it  was  relatively  easy  to  obtain  new  per- 
sonnel and  equipment.  Large  fleets  of  mechanical  ventilators 
could  be  replaced,  with  no  (or  only  minimal)  supporting  data 
from  a  cost-benefit  perspective.  In  most  hospitals  that  has 
changed  dramatically  as  a  result  of  managed  care  and  capi- 
tation. Respiratory  care  is  no  longer  viewed  solely  as  a  rev- 
enue center  but  more  and  more  as  a  cost  center.1  Cost  centers 
must  justify  the  need  to  replace  old  technology  with  new  tech- 
nology or  to  add  additional  technology  by  projecting  improved 
patient  safety,  decreased  cost  of  providing  the  service,  or  im- 


proved patient  outcome  (eg,  decreased  length  of  stay,  decreased 
number  of  ventilator  days,  or  decreased  morbidity). 

Justifying  Acquisition — A  Theoretical  Example 

Much  of  the  material  presented  here  is  based  on  my  own 
experience  and  observations.  In  order  to  illustrate  the  cost- 
benefit  issues  associated  with  the  introduction  of  new  me- 
chanical ventilation  technology,  I  present  a  theoretical  sce- 
nario— a  community  hospital  with  a  1 5-bed  intensive  care  unit 
(ICU)  and  15  mechanical  ventilators.  The  ventilators  are  all 
15  years  old  with  limited  capabilities  when  compared  to  cur- 
rent state-of-the-art  mechanical  ventilators.  The  respiratory 
care  department  and  medical  staff  are  seeking  the  financial 
support  to  replace  these  15  ventilators. 


Dr  Kacmarek  is  Assistant  Professor,  Department  of  Anesthesiology, 
Harvard  Medical  School,  and  Director  of  Respiratory  Care  Services 
Massachusetts  General  Hospital — Boston.  Massachusetts. 

Dr  Kacmarek  presented  a  version  of  this  paper  during  the  American 
Respiratory  Care  Foundation  Consensus  Conference  "Assessing 
Innovations  for  Mechanical  Ventilatory  Support"  held  January  13-15  in 
Ixtapa,  Mexico. 

Reprints:  Robert  M  Kacmarek,  Respiratory  Care,  Ellison  401, 
Massachusetts  General  Hospital,  32  Fruit  Street,  Boston  MA  01460. 


Cost 

A  number  of  factors  must  be  considered  when  the  total  cost 
of  new  mechanical  ventilation  technology  is  considered.  Cap- 
ital expense,  although  generally  the  largest  individual  com- 
ponent of  the  total  cost  of  implementing  any  new  technolo- 
gy, is  only  one  of  many  factors  to  be  considered.  Ongoing  non- 
capital expense,  repair  cost  and  service  contracts,  preventive 
maintenance,  and  cost  of  training  ICU  personnel  are  all  fac- 
tors that  affect  the  total  cost  of  introducing  new  technology. 
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Capital  Cost.  In  1995,  new  critical-care  mechanical  ventila- 
tors with  all  of  the  options  have  list  prices  that  range  from 
$  1 5,000  to  about  $35,000.  This  wide  range  in  cost  reflects  avail- 
able features  and  options  that  can  be  added.  When  one  eval- 
uates ventilators  in  this  price  range,  a  number  of  factors  in  ad- 
dition to  cost  should  be  considered — the  most  important  being 
the  type  of  patient  commonly  ventilated.  In  an  ICU  that  uses 
mechanical  ventilators  primarily  for  the  8  to  48  hours  of  post- 
operative recovery,  the  mechanical  ventilators  selected  may 
differ  markedly  from  those  selected  for  a  trauma  or  medical 
referral  center  with  a  large  number  of  patients  with  acute  res- 
pirator)' distress  syndrome.  Available  features  should  also  be 
considered.  If  volume-limited  assist/control  with  T-piece  tri- 
als is  the  primary  approach  to  ventilation  and  weaning  in  an 
institution,  then  mechanical  ventilators  with  integrated  pres- 
sure- and  volume-targeted  modes  designed  to  allow  computer- 
ized control  of  gas  delivery  (eg,  volume-support  or  pressure- 
regulated  volume-control)  may  not  be  considered  necessary. 
Continuing  with  our  community  hospital  scenario,  let  us 
assume  the  cost  of  a  new  ventilator  to  be  $25,000  (middle  of 
range)  for  a  total  cost  for  15  ventilators  of  $375,000.  An  ad- 
ditional cost  frequently  overlooked  is  shipping,  which  could 
amount  to  $250  for  each  ventilator  or  $3,750. 

Ongoing  Non-Capital  Expense.  I  have  observed  that  ongoing 
operational  cost  of  new  equipment  is  frequently  overlooked 
when  new  technology  is  evaluated.  For  example,  the  purchase 
of  ventilators  that  require  a  disposable  flow  transducer  be- 
tween the  ventilator  circuit  Y  and  the  endotracheal  tube  can 
add  $  1 8,300  in  operating  expense  each  year  if  the  average  daily 
mechanical  ventilation  census  is  10  patients. 

Disposable  flow  transducers  @  $15.00  each 

10  patients  ventilated/day 

Transducer  changed  every  3  days 

( 122  changes/year/patient )( 10  patients/day  K  15)  =  $18,300/year 

If  the  transducer  is  reusable,  the  yearly  cost  may  be  less 
(about  $9,000). 

Permanent  How  transducer  <s<  $  1 50.00  each 

10  patients  ventilated/day 

Transducer  replacement  rate.  5/month 

( 5  changes/monthX  1 2  months  )( 1 50)  =  $9,000/  year 

but  the  cost  of  processing  for  reuse  could  easily  be  $5,000  or 
more  yearly. 

Estimated  processing  cost  tor  permanent  transducers  SS,000/year 
Total  Imi  permanent  transducer  use  =  $14,000/year 

Because  many  accessories  and  components  are  disposable, 
we  have  found  that  small  reusable  items  frequently  are  dis- 
carded or  broken,  explaining  the  replacement  rate  of  5  trans- 


ducers/month. Further,  a  particular  ventilator  may  require  a 
specific  humidifier  or  circuit  or  regular  replacement  of  in- 
spiratory and  expiratory  filters — requirements  that  add  cost. 
Our  experience  with  unplanned-for  costs  of  new  tech- 
nology— one,  doubtless,  shared  by  some  of  you — is  the  cost 
of  disposable  pulse  oximetry  probes.  Because  it  was  difficult 
to  ensure  proper  fit  and  function  with  the  original  permanent 
(ie,  nondisposable)  probes,  we  began  using  disposable  probes. 
In  a  large  medical  center  like  ours  in  which  pulse  oximeters 
are  placed  at  each  operating  site  (50  locations)  and  at  each 
ICU  bed  ( 100  beds)  and  in  which  the  turnover  of  ICU  patients 
is  rapid,  the  cost  of  disposable  probes  could  easily  reach  $1  mil- 
lion/year. If  one  does  not  anticipate  the  cost  of  disposable  probes 
because  pulse  oximeters  come  from  the  manufacturer  with 
permanent  probes  then  a  large  unplanned-for  operational  ex- 
pense results. 

Repair.  I  believe  that  most  managers  expect  to  save  on  re- 
pair costs  or  service  contracts  when  new  equipment  is  pur- 
chased. After  all,  one  of  the  primary  reasons  for  replacing  equip- 
ment is  frequent  malfunction  and  associated  high  repair  costs. 
However,  with  new  microprocessor-ventilator  systems,  any 
repair  out  of  warranty  can  mean  replacement  of  a  circuit  board 
costing  as  much  as  $1,000.  Careful  negotiation  for  long-term 
maintenance  and  repair  contracts  at  the  time  of  purchase  can 
greatly  reduce  overall  costs  during  the  initial  years  follow- 
ing purchase.  However,  even  the  best  repair  contracts  can  cost 
thousands  of  dollars  each  year  for  each  ventilator  after  the  war- 
ranty period.  In  addition,  most  new  ventilators  require  spe- 
cific preventive  maintenance  on  a  3-month  to  1-year  basis. 
Both  estimated  repair  and  preventive  maintenance  cost  for 
the  new  equipment  and  actual  costs  of  the  old  equipment  should 
be  compared  to  ensure  a  complete  description  of  total  cost. 

Preventive  maintenance  =  $l()()/venlilator/0.5  year  = 
($200/ventilator/year)(  15  ventilators)  =  $3,()00/year 

Service  contract  =  $l,000/ventilator 
(15  ventilators)t$l.000)=  $I5.000/year 

Total  yearly  cost  =  $  1 8,000/year 

Training.  Another  cost  of  introducing  new  technology  fre- 
quently overlooked  is  training.  Training  bedside  clinicians 
in  the  use  of  new  technology  is  always  necessary  and.  gen- 
erally, is  needed  for  both  clinical  trials  of  new  equipment  and 
the  actual  introduction  of  the  purchased  equipment.  When 
new  technology  is  introduced  into  the  ICU.  therapists,  nurs- 
es, and  physicians  must  be  trained.  In  our  specific  example, 
let  us  assume  that  there  are  10  staff  therapists.  2  respirato- 
ry-care managers,  and  1  biomedical  repair  technician  who 
must  master  a  newly  introduced  ventilator  system.  In  addi- 
tion, the  60  nurses  who  work  in  the  ICU  and  5  attending  physi- 
cians and  5  residents  assigned  to  the  ICU  must  be  oriented 
to  the  new  ventilators. 
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Even  before  new  technology  is  purchased,  training  is  nec- 
essary for  the  clinical  trial  of  any  ventilator  under  consid- 
eration. In  many  hospitals,  this  may  mean  the  trial  of  3  or 
4  ventilators  for  1  to  2  weeks  each.  For  each  ventilator  being 
clinically  evaluated  for  possible  purchase,  lectures  and  lab- 
oratory sessions  for  a  limited  number  of  practitioners  must 
be  organized  The  time  required  to  set  up  the  trial  ventila- 
tor, monitor  its  function,  and  discontinue  its  use  also  rep- 
resents added  cost.  Because  it  is  not  feasible  to  train  all  staff 
to  operate  each  trial  ventilator,  these  trials  usually  mean  set- 
up of  the  ventilator  in  the  morning  and  return  to  the  current 
ventilator  at  the  end  of  the  day  shift.  Total  cost  of  ventila- 
tor trials  may  amount  to  $2,500-$3,000  and  the  training  cost 
to  introduce  a  newly  purchased  ventilator  can,  in  this  example, 
approach  $7,000. 

Training  Hours  &  Cost  for  Clinical  Trials  (2-week  evaluation  of 
4  different  ventilators  for  8  days  each) 

Therapist's  Time  &  Cost 

Therapist  training  at  2-hour  lecture/lab  for  5  therapists  for  each 

ventilator 
(2  h/therapist)(5  therapists )(4  ventilators)  =  40  hours 

2-hour  set-up  and  discontinue/ventilator/day  in  use 
(2  hours )(4  ventilators)(8  days)  =  64  hours. 

Total  104  hours®  $17.50  =  $1,820 

Physician's  Time  &  Cost 

( 1  h  )(5  physicians)(4  ventilators)  =  20  hours  @  $50.00  =  $  1 ,000 

Training  Hours  &  Cost  For  Introduction  of  New  Ventilator 

Therapist's  Time  &  Cost 

Therapist  instruction  &  competency  evaluation 

(3  hours)!  1 3  therapists)  =  39  hours 

Therapists'  direct  supervision  of  nurses  during  first  20  patients 

(4  hours/patient)  =  80  hours 

Nurses'  instruction  by  therapist 

( 1  hour)(  1 2  groups  of  5  nurses)  =  1 2  hours 

Physicians'  instruction  by  therapists  =  5  hours 

Total  therapist-time  cost  for  136  hours  at  $17.50  =  $2,380 

Nursing  Time  &  Cost 

(1  hour)(60  nurses)  @  $20.00  =  $1,200 

Physician  Time  &  Cost 

( 1  hour)(5  physicians)  @  $50.00  =  $250 

Time-Cost  for  Clinical  Trials  &  Introduction  =  $6,650 


Total  Cost.  The  total  cost  of  introducing  new  technology  can 
be  large  ($421,700).  In  our  example,  the  majority  of  the  cost 
($375,000)  is  for  the  actual  purchase;  however,  training  and 
ongoing  non-capital  costs  can  have  a  large  effect  on  oper- 
ating budgets. 

Total  First  Year  Cost  of  15  New  Ventilators 

1 5  ventilators  at  $25,000  each  $375,000 

Shipping  cost  at  $250/ventilator  3,750 

Ongoing  cost  for  disposable  accessories  18,300 

Repair  &  Preventive  maintenance  18,000 

Training  6,650 

Total  $421,700 

Benefit 

Considering  the  high  cost  of  introducing  new  mechanical  ven- 
tilator technology,  benefit  from  the  introduction  should  offset 
this  high  cost — if  not  immediately,  then  over  time.  However, 
demonstrating  benefit  is  more  difficult  than  establishing  over- 
all cost.  As  discussed  elsewhere  in  this  issue  of  the  Journal,2  ben- 
efit can  be  defined  at  many  levels:  increased  revenue,  improved 
safety,  enhanced  physiologic  response  and  improved  outcome. 
Revenue  arguments  in  the  past  have  been  a  primary  method  of 
establishing  the  benefit  of  new  technology.  In  the  era  of  fee-for- 
service,  the  cost  was  simply  passed  on  to  the  patient.  Today,  re- 
imbursement is  generally  not  affected  by  the  introduction  of  new 
technology  unless  other  benefits  can  be  established  that  affect 
outcome,  thereby  reducing  the  total  cost  of  medical  care. 

Safety.  Increased  safety  is  an  easily  measurable  effect  of  new 
technology.  Justification  for  the  replacement  of  older  ventilators 
can  sometimes  be  accomplished  by  demonstrating  the  increased 
safety  that  results  from  the  improved  monitoring  capabilities 
of  newer  units. 

Inadvertent  ventilator  disconnect  or  malfunction  with  no 
consequent  sounding  of  alarms  is  easily  demonstrated  with 
first-  or  second-generation  ventilators.  It  can  be  argued  that 
iatrogenic  risk  is  reduced  with  new  technology.  The  intro- 
duction of  pulse  oximetry  as  a  standard  of  care  in  the  oper- 
ating room  and  postanesthesia  recovery  room  was  based  on 
the  incidence  of  unrecognized  life-threatening  episodes  of  ar- 
terial desaturation  prior  to  the  introduction  of  this  technol- 
ogy.3 Cooper  et  al4  documented  the  effect  of  pulse  oximetry 
on  the  frequency  of  cardiovascular  events  in  postanesthesia 
recovery.  The  incidence  of  hypertension  and  hypovolemia 
greatly  decreased  with  the  use  of  pulse  oximetry.  Pulse  oxime- 
ters are  now  at  each  operating  location  and  at  most  recovery 
beds  because  of  the  improved  patient  safety  demonstrated  after 
their  addition  to  standard  monitoring  systems. 

Physiologic  Response.  Improved  physiologic  response  is  fre- 
quently the  primary  benefit  advertised  with  the  introduction 
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of  new  ventilator  technology.  Numerous  articles  now  illustrate 
the  fact  that  patient  effort  during  spontaneous  breathing  is 
markedly  reduced  by  the  use  of  pressure  support5"7  or  the 
change  from  pressure-  to  flow-triggering.8 "'  However,  it  is 
more  difficult  to  prove  that  one  mode  of  ventilation  is  more 
capable  of  producing  a  better  physiologic  response  than  an- 
other. A  good  example  is  pressure-control  ventilation.  Al- 
though arguments  can  be  made  for  the  ease  of  maintaining 
targeted  system  pressure  or  peak  alveolar  pressure  with  pres- 
sure control  (as  contrasted  with  volume  control),  no  defini- 
tive data  demonstrating  improved  physiologic  response  are 
available.  Early  uncontrolled  trials  indicated  improved  phys- 
iologic response  with  pressure  control;"  u  however,  sub- 
sequent controlled  trials  have  shown  that  the  use  of  pressure 
or  volume-targeted  ventilation  at  normal  inspiratory-to-ex- 
piratory  time  ratios  or  extended  inspiratory  time  is  equivo- 
cal in  relationship  to  hemodynamics,  gas  exchange,  and  pul- 
monary compliance.1517 

Many  of  the  innovative  changes  in  ventilator  design  do  re- 
sult in  improved  patient-ventilator  synchrony.  Volume-sup- 
port and  pressure-regulated  volume  control  available  on  the 
Servo  300  ventilator  have  improved  the  function  of  pressure 
support  and  pressure  control.1*  These  modes  ensure  control 
over  both  tidal  volume  and  peak  alveolar  pressure;  they  both 
respond  rapidly  to  changes  in  patient  demand  or  patho- 
physiology. Flow  or  pressure  augmentation  on  the  Bear  1000 
improves  patient-ventilator  synchrony  by  decreasing  work 
of  breathing.19  However,  it  could  be  argued  that  more  care- 
ful attention  to  changes  in  a  patient's  ventilatory  pattern  and 
more  frequent  ventilator  adjustments  by  practitioners  would 
result  in  the  same  response.  Although  improvement  in  phys- 
iologic response  is  important,  in  today's  health-care  finan- 
cial environment  improved  outcome  is  the  key  to  documenting 
the  benefit  of  innovative  technology. 


invasive  ventilation,  which  has  been  demonstrated  by  numerous 
authors,21"24  using  many  different  ventilators,  to  improve  phys- 
iologic response. 

In  November  1994,  in  an  article  by  Brochard  et  al,25  pres- 
sure-support weaning  was  reported  to  result  in  a  shorter  pe- 
riod of  mechanical  ventilation  than  did  synchronized  inter- 
mittent mandatory  ventilation  (SIMV)  orT-piece  weaning. 
However,  in  January  1995,  Esteban  et  al:h  in  a  similar  ran- 
domized trial  showed  that  T-piece  weaning  (as  compared  to 
pressure  support  or  SIMV)  resulted  in  the  shortest  ventila- 
tor course.  Based  on  these  data,  one  might  argue  that  it  is  not 
the  technology  itself  that  affected  outcome,  but  the  way  the 
clinicians  used  existing  technology  that  affected  the  length 
of  mechanical  ventilation.  The  clinician's  more  appropriate 
use  of  existing  technology271"  appears  to  be  the  reason  a  num- 
ber of  centers  have  shown  improved  outcome  with  the  use 
of  permissive  hypercapnia  and  a  low  peak  alveolar  pressure- 
targeting  approach  to  ventilation.  In  theory,  this  improvement 
in  outcome  could  be  achieved  with  any  available  ventilator. 

Summary 

The  introduction  of  innovative  mechanical  ventilation 
technology  requires  a  careful  assessment  of  the  cost-ben- 
efit relationship  of  the  new  technology.  Justification  for  pur- 
chase can  be  sometimes  be  made  on  the  basis  of  improved 
patient  safety  and  physiologic  response.  Improved  patient 
outcome  is  much  more  difficult  to  demonstrate.  It  is  clear 
in  today's  health-care  environment  that  outcome-based  re- 
search is  needed  before  new  technology  is  introduced  to  the 
marketplace,  if  that  new  technology  is  to  become  part  of 
the  average  community-hospital  complement  of  mechan- 
ical ventilators. 


Outcome.  Measurements  with  the  potential  of  demonstrat- 
ing improved  patient  outcome  (ie,  factors  that  affect  morbidity 
and  cost  of  patient  care)  include 

•  Survival 

•  Number  of  days  of  mechanical  ventilation 

•  Number  of  days  in  the  ICU 

•  Number  of  days  hospitalized 

•  Frequency  of  barotrauma 

•  Nosocomial  infection  rate. 

However,  it  is  difficult  to  identify  studies  that  have  demon- 
strated improved  patient  outcome  as  a  consequence  of  the  use 
of  innovative  mechanical  ventilator  technology.  One  good  ex- 
ample is  the  recent  study  by  Kramer  et  al20  on  the  use  of  the 
Respironics  BiPAP  ventilator  to  manage  acute  respiratory  fail- 
ure. They  showed  that  the  use  of  noninvasive  ventilatory  sup- 
port decreased  the  frequency  of  endotracheal  intubation  com- 
pared to  conventional  management  of  an  acute  COPD  exacer- 
bation. However,  it  can  be  argued  that  the  improved  outcome 
was  not  related  to  the  ventilator  per  se  but  to  the  use  of  non- 
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Introduction 

In  many  countries,  necessary  steps  before  bringing  any  prod- 
uct to  market  involves  participation  in  and  compliance  with 
mandates  of  the  regulatory  process.  The  specifics  of  this  pro- 
cess vary  substantially,  with  different  mandates,  requirements, 
and  procedures  in  each  country.  In  some  countries,  prior  to 
bringing  a  product  to  market,  it  is  sufficient  to  prove  that  the 
product  is  safe;  in  the  United  States,  the  law  states  that  new 
medical  devices  must  be  proved  safe  and  efficacious  before 
they  can  receive  regulatory  approval.1  In  this  paper,  I  focus 
on  the  regulatory  process  in  the  United  States,  a  process  that 
is  administered  by  the  Food  and  Drug  Administration  (FDA). 


Di  Slutsky  is  associated  with  the  Samuel  Lunenfeld  Institute.  Mount 
Sinai  Hospital.  Division  of  Respiratory  Medicine.  Department  of  Medi- 
um-, I  Iniversit)  oi  Toronto,  Toronto,  Ontario,  Canada. 

A  version  oi  this  paper  was  presented  by  Di  Slutsky  during  the  American 
Respirator)  (are  Foundation  Consensus  Conference  "Assessing  Innova- 
tions lor  Mechanical  Ventilator)  Support"  held  from  January  13-15,  1995 
in  Ixtapa.  Mexico 

Reprints:  Arthur  S.  Slutsky  MD.  Mount  Sinai  Hospital.  600  UniversitJ 
Avenue.  656A,  Toronto.  Ontario.  Canada  M6C  5<  i4 


I  highlight  some  historical  aspects  of  the  FDA,  present  an 
overview  of  how  the  FDA  classifies  devices,  summarize  briefly 
the  pathways  to  market  for  a  new  medical  device,  and.  finally, 
present  a  few  personal  suggestions  to  improve  the  process. 

Historical  Perspective 

The  concept  of  society's  regulating  products  that  are  to  be 
consumed  or  used  is  not  a  new  one.:  The  ancient  Egyptians 
and  Hebrews  had  strict  laws  governing  which  foods  could  be 
eaten  and  even  how  to  appropriately  prepare  those  foods.  The 
Greeks  and  Romans  had  important  laws  prohibiting  the  di- 
lution of  wine  with  water.  The  Magna  Carta  signed  in  1215 
A.D.  had  a  provision  that  could  be  considered  regulatory  in 
that  it  sanctioned  only  one  system  of  weights  and  measures. 

The  modern  laws  regulating  food  and  drug  products  grew 
out  of  the  industrial  revolution  and  the  growing  trend  to  urbani- 
zation. When  individuals  raised  and  prepared  their  own  foods, 
such  laws  may  not  have  been  necessary.  However,  problems 
developed  over  time.  In  the  early  19th  century,  die  United  States 
had  no  standards  and  was  considered  the  world's  dumping 
ground  for  various  foods  of  dubious  quality.  In  the  late  19th 
century,  a  number  of  patent  medicines  promised  cures  for  can- 
cer, diabetes,  and  lost  manhood,  and  a  number  of  medications 
contained  heroin,  opium,  and/or  cocaine — many  of  which  were 
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used  for  infants.2  Of  particular  interest  to  the  topic  addressed 
during  the  Consensus  Conference  is  a  patent  granted  to  Al- 
fred F  Jones  in  1864  for  what  would  now  be  considered  an 
iron-lung-type  ventilator.  In  the  patent,  Jones  stated  that  the 
device  "cured  paralysis,  neuralgia,  seminal  weakness,  asth- 
ma, bronchitis  and  dyspepsia.  Also  deafness  . . .  and  when  ju- 
diciously applied,  many  other  diseases  may  be  cured." 

The  first  major  legislation  addressing  regulation  of  these 
items  was  the  Pure  Food  and  Drugs  Act  of  1 906,  also  called 
the  Wiley  Act.  This  Act  resulted  from  growing  public  con- 
cern about  these  products,  as  well  as  evolutionary  changes 
in  the  practice  of  medicine  that  had  developed  a  better  un- 
derstanding of  the  pathophysiology  of  disease  as  well  as  more 
efficacious  treatments.  In  1927,  the  Bureau  of  Chemistry 
was  reorganized  to  the  Food,  Drug,  and  Insecticide  Adminis- 
tration, and,  in  1931  the  name  was  changed  to  the  Food  and 
Drug  Administration. 

The  major  piece  of  legislation  that  forms  the  basis  of  cur- 
rent regulations  was  entitled  the  "Food,  Drug,  and  Cosmet- 
ic Act,"  which  was  passed  in  1938.  The  impetus  for  this  leg- 
islation was  a  tragic  incident  in  1937  in  which  diethylene  gly- 
col was  used  as  solvent  for  sulfanilamide  and  107  people, 
mainly  children,  died.  This  legislation  provided  for  factory 
inspections,  scientific  proof  by  manufacturers,  prosecution 
for  false  claims,  and  adequate  labeling  of  food  and  drugs.2 

The  1976  Amendment 
of  the  Food,  Drug,  &  Cosmetic  Act 


Class-I  devices  are  relatively  simple  devices  that  present  lit- 
tle risk  to  patients.  For  these,  as  well  as  for  Class-II  and  Class- 
Ill  devices,  manufacturers  must  comply  with  a  number  of  reg- 
ulations including  "pre-market'  notification,  record-keeping, 
labeling,  reporting,  and  Good  Manufacturing  Procedure  (GMP) 
practices.  Class-II  devices  are  devices  in  which  safety  and  ef- 
ficacy could  be  assured  with  federally  defined  performance 
standards.  Class-Ill  devices  are  those  that  require  greater  con- 
trols and  greater  evidence  of  safety  and  efficacy.  To  bring  Class- 
Ill  devices  to  market,  the  pre-market  application  (PMA)  pro- 
cess must  be  used  (see  below). 

The  second  way  that  the  1976  Amendment  classified  de- 
vices was  according  to  the  following  categories:3 

•  Transitional  devices,  which  are  devices  that  had  been  reg- 
ulated as  drugs  prior  to  1976 

•  Implanted  devices 

•  Custom  devices 

•  Investigational  devices  (IND) 

•  Pre- Amendment  devices  that  were  on  the  market  before 
May  28,  1976  (the  date  of  Amendment  passage) 

•  Substantially  equivalent  devices 

•  Post-Amendment  devices  (new  devices). 

All  pre- Amendment  Class-Ill  devices  and  their  substan- 
tially equivalent  counterparts  (see  below)  were  allowed  to  re- 
main on  the  market  until  the  FDA  took  specific  regulatory 
action.  Post- Amendment  devices  that  were  not  deemed  sub- 
stantial equivalents  were  automatically  placed  into  Class  III. 


Definitions 


The  1990  Safe  Medical  Devices  Act 


The  1976  Amendment  is  the  major  piece  of  legislation  that 
provides  the  framework  for  current  regulations.  It  defined 
the  term  device,  provided  a  regulatory  system  based  on  the 
degree  of  risk,  and  mandated  pre-market  procedures  simi- 
lar to  those  required  for  drugs,  with  approval  based  on  clin- 
ical experience.  The  Amendment  also  established  Adviso- 
ry Panels  and  some  procedures  for  post-market  surveillance. 
A  key  section  of  this  amendment  is  a  'grandfather'  clause. 
Section  5 10(k)  of  the  Act,  that  is  described  later. 

The  definition  of  a  medical  device  is  broad  and  includes 
any  product,  used  for  the  diagnosis,  cure,  medication,  treat- 
ment, or  prevention  of  a  disease  or  condition,  that  does  not 
achieve  its  intended  use  through  chemical  action  and  is  not 
metabolized.  This  definition  is  all  encompassing  and  covers 
approximately  50-100,000  separate  products,  1,700  differ- 
ent types  of  products,  and  7,000  manufacturers. 

Classification  Systems 

The  1976  Amendment  classified  medical  devices  in  two 
ways.  The  first  is  based  on  the  degree  of  regulation  necessary 
to  ensure  the  safety  and  effectiveness  of  a  device,  with  a  strong 
relationship  to  the  degree  of  risk  engendered  by  the  product. 


In  1990,  another  major  amendment  entitled  the  Safe  Med- 
ical Devices  Act  (SMDA)  was  passed.1  The  rationale  for  this 
amendment  was  perceived  problems  with  the  1976  law.  Pro- 
ponents of  the  amended  law  believed  that  the  process  for  deter- 
mining substantial  equivalence  [often  called  the  510(k)  pro- 
cess] represented  a  loophole  through  which  untested  prod- 
ucts were  allowed  to  reach  the  market.  In  addition,  proponents 
believed  that  the  1976  law  did  not  give  sufficient  regulato- 
ry authority  to  the  FDA  to  deal  with  issues  related  to  post- 
market  surveillance.  It  is  interesting  that  although  this  set  of 
amendments  was  debated  for  many  years  during  the  1980s, 
the  political  will  to  pass  these  amendments  was  provided  by 
the  revelation  in  the  late  1980s  that  bribery  and  submission 
of  false  data  had  been  used  in  connection  with  certain  gener- 
ic drug  approvals.4 

The  1990  SMDA1  provides  a  number  of  changes  to  the 
PMA  process,  post-market  surveillance,  and  penalties.  It 
changes  the  5 10(k)  process  from  a  notification  process  to  an 
approval  process,  with  requirement  for  clinical  data  when  nec- 
essary and  allowance  for  the  use  of  special  controls,  such  as 
voluntary  standards.  In  addition,  the  FDA  can  use  data  from 
previous  submissions  to  process  new  submissions  after  four 
new  products  in  a  given  category  have  been  approved.  With 
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regard  to  post-market  surveillance,  the  law  makes  high-risk 
products  subject  to  FDA-regulated  surveillance  and  mandates 
that  health-care  institutions  be  required  to  report  incidents  if 
a  device  is  thought  to  contribute  to  a  patient's  death.  The  FDA 
is  also  given  greater  authority  to  suspend  approved  applica- 
tions, to  recall  devices,  and  to  impose  fines. 

Pathways  to  Market 

Investigational  Device  Exemption  (IDE) 


in  Figure  1 .  The  critical  issues  are  whether  the  device  has  the 
same  intended  purpose  as  a  predicate  device  and  whether  it 
has  the  same  technologic  characteristics.  If  the  new  device 
makes  use  of  new  technology,  the  critical  question  is  whether 
this  new  technology  can  affect  the  safety  and  effectiveness 
of  the  device.  As  long  as  the  questions  of  safety  and  effica- 
cy posed  by  the  new  technology  are  similar  to  those  posed 
by  the  old  technology  and  as  long  as  there  are  scientific  meth- 
ods for  evaluating  the  question,  the  device  can  be  deemed  sub- 
stantially equivalent. 


In  order  to  collect  the  data  required  to  show  safety  and  ef- 
fectiveness of  a  new  device  or  a  new  indication  for  a  marketed 
device,  it  may  be  necessary  to  perform  studies  on  humans. 
The  IDE  provides  the  mechanism  by  which  investigators  and 
manufacturers  can  legally  test  devices  on  humans.  These  reg- 
ulations and  the  requirements  are  described  in  an  FDA  doc- 
ument.5 The  critical  concept  is  that  devices  posing  a  signif- 
icant risk  to  patients  require  approval  by  both  the  FDA  and 
the  Investigational  Review  Board  (IRB)  of  the  hospital  in- 
volved. Devices  that  are  considered  to  pose  an  insignificant 
risk  (as  ascertained  by  the  IRB)  may  be  studied  with  the  ap- 
proval of  the  local  IRB;  an  IDE  is  considered  'approved'  if 
this  and  other  requirements  are  met.  No  IDE  application  to 
the  FDA  is  required. 

Substantial  Equivalence:  The  510(k)  Process 

The  rationale  underlying  this  section  of  the  1976  Amend- 
ment is  to  ensure  fair  treatment  of  new  devices,  such  that  they 
do  not  have  to  overcome  greater  regulatory  hurdles  compared 
to  similar  devices  that  were  on  the  market  prior  to  May  28, 
1976  (the  date  the  law  was  passed).  This  is  the  simplest  and 
quickest  route  to  market,  with  a  substantially  lower  approval 
time  than  the  PMA.  Many  more  5 10(k)  applications  are  sub- 
mitted than  are  PMA  applications.  Since  1976,  for  devices 
related  to  mechanical  ventilation,  only  5  applications  for  high 
frequency  ventilators  have  received  PMA  approval,  where- 
as numerous  5 10(k)  applications  have  been  approved. 

No  generally  applicable  specific  guidelines  definitively  as- 
certain that  a  device  is  substantially  equivalent.  As  guidance, 
a  Congressional  Committee  has  stated  that  the  determination 
of  substantial  equivalence  is  "not  intended  to  be  so  narrow 
as  to  refer  only  to  devices  that  are  identical  to  marketed  de- 
vices, nor  so  broad  as  to  refer  to  devices  which  are  intend- 
ed to  be  used  for  the  same  purposes  as  marketed  products."6 
A  device  can  be  considered  substantially  equivalent  if  it  is 
found  to  be  similar  to  two  types  of  devices,  called  predicate 
devices:  ( 1 )  a  device  sold  before  May  28,  1976  for  which  PMAs 
have  not  been  called,  and  (2)  a  post-Amendment  device  that 
is  marketed  and  found  to  be  substantially  equivalent  to  the 
pre-Amendment  device  that  has  been  reclassified  to  Class  I 
or  II.  An  overview  of  the  approach  taken  by  the  FDA  to  de- 
termine whether  a  device  is  substantially  equivalent  is  given 
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Fig.  1 .  Flow  chart  indicating  decision-making  process  for  determin- 
ing substantial  equivalence  of  a  new  device,  as  compared  to  a  de- 
vice already  marketed.  (Reprinted  from  Reference  6) 


Pre-Market  Application 

An  approved  PMA  is  an  individual  license  permitting  only 
the  applicant  to  market  the  specific  device;  the  application 
must  contain  detailed  information  providing  a  description  of 
manufacturing  processes,  clinical  data  from  the  IDE,  a  sum- 
mary of  the  safety  and  effectiveness  of  the  device,  other  in- 
formation available  to  the  manufacturer  (eg,  relevant  litera- 
ture), and  proposed  labeling  for  the  product.7  Under  the  rubric 
of  a  PMA,  the  critical  issue  for  the  manufacturer  is  to  prove 
to  the  FDA  that  the  product  is  safe  and  effective  for  the  stat- 
ed use.  In  terms  of  safety,  the  manufacturer  must  provide 
", .  .reasonable  assurance  that  probable  benefits  to  health  (under 
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conditions  of  use)  outweigh  probable  risk."  It  is  important  to 
note  that  the  risk-benefit  must  be  acceptable,  but  it  is  not  re- 
quired that  the  product  never  cause  injury  or  always  be  effect- 
ive. In  terms  of  effectiveness,  there  must  be  ". . .  reasonable 
assurance  that . . .  use  of  the  device  ...  will  provide  clinical- 
ly significant  results."7 

The  statutory  standard  for  devices  is  different  from  that 
for  new  drugs.  For  drug  approval,  adequate,  well-controlled 
investigation  by  qualified  experts  are  required;  whereas,  for 
devices,  "valid  scientific  evidence"  is  also  acceptable.  Valid 
scientific  information  includes  well-controlled  studies,  sci- 
entifically controlled  studies,  studies  and  objective  trials  with- 
out matched  controls,  well-documented  case  histories  con- 
ducted by  qualified  experts,  and  reports  of  significant  human 
experience  with  a  marketed  device.  Isolated  case  reports,  un- 
substantiated opinion,  and  reports  lacking  sufficient  details 
are  not  considered  valid  scientific  information  to  prove  safe- 
ty and  effectiveness. 

When  a  PMA  is  received  by  the  FDA.  a  copy  goes  to  the 
appropriate  division  for  filing  review,  to  the  operations  staff 
with  respect  to  inspection  of  manufacturing  sites,  and  to  sta- 
tistical review.  A  decision  to  file  or  not  to  file  should  be  made 
within  45  days.  If  the  FDA  agrees  that  the  application  has  suf- 
ficient information  to  be  filed,  the  statute  states  that  the  de- 
cision regarding  approval  must  be  made  within  1 80  days  of 
filing.8  My  impression  is  that  in  past  years,  the  average  time 
for  decision  has  been  substantially  longer  than  180  days.  If 
the  FDA  decides  that  the  PMA  should  not  be  filed,  it  must 
specify  the  reasons  and  advise  the  applicant  what  steps  are 
required  to  make  the  application  suitable  for  filing.  After  the 
application  has  been  filed,  it  is  then  evaluated  by  the  FDA  staff 
and  the  Advisory  Panel,  which  is  composed  of  7  voting  mem- 
bers who  are  knowledgeable  in  the  field,  a  consumer  represen- 
tative, an  industry  representative,  and  consultants  as  required. 
The  final  decision,  however,  is  made  by  the  FDA  staff. 

The  regulations  described  above  and  the  implementation 
of  these  regulations  have  had  'mixed  reviews'  with  respect 
to  their  effectiveness.  The  U.S.  standards  for  approval  of  drugs 
and  devices  are  among  the  most  stringent  in  the  world;  and, 
thus,  products  that  are  approved  for  marketing  in  the  U.S.  are 
usually  accepted  in  most  other  countries.9  However,  there  are 
those  who  believe  that  this  high  standard  is  also  associated 
with  a  process  that  is  slow  and  cumbersome,10  making  it  time 
consuming  and  expensive.  On  the  other  hand,  there  are  those 
who  believe  that  the  current  system  should  have  even  tougher 
controls  especially  in  relation  to  the  use  of  outdated  bases  (pre- 
1976  devices)  and  that  the  post-market-surveillance  system 
is  ineffective."  i:  Many  but  not  all  of  these  issues  have  been 
addressed  by  the  1990  Law.13 

The  impact  of  these  issues  on  the  consumer  is  of  interest. 
The  public  is  taking  a  greater  interest  in  the  regulatory  pro- 
cess, with  greater  public  scrutiny  of  the  FDA.  This  is  particu- 
larly evident  related  to  new  pharmaceuticals  for  the  treatment 
of  AIDS.  Patients  are  eager  to  make  the  risk-benefit  assess- 


ments that  are  under  the  jurisdiction  of  the  FDA. I4  Independent 
panels  that  have  addressed  these  issues  have  concluded  that 
the  FDA  lacks  focus,  is  hampered  by  its  bureaucracy,  and  re- 
quires better  management; l?  whereas,  others  have  called  for 
changes  in  the  organizational  structure  of  the  FDA.lf> 

Suggestions 

Given  this  background,  I  propose: 
For  the  FDA: 

•  Encourage  even  more  interaction  between  the  FDA  and 
industry  in  the  development  of  appropriate  applications, 
especially  early  in  the  process. 

•  Establish  priorities — put  resources  where  they  are  really 
needed  and  simplify  the  process  for  "simple  items."  It  is 
important  to  prioritize  according  to  importance. 

•  Reduce  documentation  for  5 1 0(  k )  and  PMA  as  much  as  pos- 
sible; make  the  PMA  process  more  like  the  5 10(k)  process. 

•  Remember  that  approval  of  safe  new  products  can  be  as 
important  to  public  health  as  is  the  prevention  of  marketing 
harmful  or  ineffective  ones. 

For  the  Manufacturer: 

•  Plan  ahead  for  application — consult  with  FDA  person- 
nel very  early  in  the  submission  process  (even  in  the  pre- 
IDE  period). 

•  Petition  for  reclassification  where  indicated. 

•  Work  with  voluntary  organizations  such  as  the  Ameri- 
can Society  for  Testing  and  Materials  (ASTM)  and  the 
Association  for  Advancement  of  Medical  Instrumenta- 
tion (AAMI)  to  develop  standards  or  guidelines  where 
appropriate. 

•  Find  out  what  general  guidelines  are  available  for  the 
application  (eg,  for  software,  electrical  issues,  and  for- 
mal submissions). 

•  Decide  what  the  specific  indications  for  the  device  are,  and 
design  appropriate  studies  to  address  these  indications.  The 
crucial  issue  is  to  have  appropriate,  statistically  meaningful 
conclusions.  Common  mistakes  made  in  the  PMA  process 
are  lack  of  justification  of  sample  size,  failure  to  follow 
protocol,  failure  to  state  hypothesis  or  incorrect  statement 
of  hypothesis,  failure  to  test  hypothesis  correctly,  unjus- 
tified pooling  of  data,  failure  to  evaluate  potential  bias,  fail- 
ure to  define  end  points  clearly,  and  failure  to  utilize  blind- 
ed end  points.7 

•  Finally,  present  a  coherent  and  well-written  PMA. 

For  Congress: 

•  As  stated  by  the  Edwards  Committee,  the  FDA  is  "overex- 
tended, underfunded,  and  shackled  by  bureaucratic  con- 
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straints."17  In  many  ways,  the  regulations  governing  de- 
vices are  reasonable,  but  the  FDA  should  have  resources 
to  apply  these  regulations  in  a  timely  manner. 

•  Increase  flexibility  in  the  regulations  by  simplifying  the 
PMA  process  and  consider  approaches  to  simplifying  the 
Conflict  of  Interest  Guidelines,  which  are  incredibly  labor 
intensive  and  exclusionary. 

•  Make  the  FDA  more  independent15  and  consider  inde- 
pendent bodies  to  review  PMAs. 

•  Enter  and/or  continue  negotiations  with  other  countries  to 
rationalize  regulatory  requirements  internationally. 

Conclusions 

A  well-developed  regulatory  process  is  critical  to  ensure 
the  safety  and  efficacy  of  new  medical  devices;  however,  this 
same  regulatory  process  makes  it  more  difficult  and  expen- 
sive for  new  products  to  be  brought  to  market.  Although  cur- 
rent legislation  was  designed  to  ensure  efficient  processing 
of  submitted  applications,  the  FDA  is  under  pressures  that  make 
it  inherently  conservative.  If  significant  morbidity  or  any  mor- 
tality can  be  blamed  on  a  device  regulated  by  the  FDA,  the 
public  and  the  Congress  can  put  tremendous  pressure  on  the 
FDA  to  justify  the  approval  process.  Thus,  the  natural  ten- 
dency is  for  the  FDA  to  ensure  that  absolutely  no  devices  re- 
ceive approval  that  are  not  safe.  Of  course,  on  one  level,  this 
is  exactly  their  role.  However,  this  approach  can  lead  to  fail- 
ure to  approve  devices  even  though  they  may  be  of  tremen- 
dous benefit  to  some  patients.  The  families  of  patients  who 
die  because  they  have  not  received  the  benefits  of  a  device 
that  has  not  as  yet  been  approved  do  not  even  know  that  there 
might  have  been  an  alternative  for  them,  and,  thus,  are  not 
a  vocal  constituency  complaining  to  Congress  or  the  FDA. 

It  appears  to  me  that  the  legislation  currently  available  to 
regulate  this  difficult  balancing  act  appears  reasonable,  but, 
it  also  appears  that  sufficient  resources  have  not  been  allo- 
cated to  the  FDA  to  ensure  the  timeliness  of  reviews  as  pro- 
posed in  the  legislation.  Another  major  issue  that  greatly 


increases  costs  and  delays  innovative  devices  from  reaching 
market  is  a  lack  of  uniformity  among  the  countries  in  their 
regulatory  processes.  Valid  reasons  may  exist  for  such  dis- 
crepancies, but  we  can  only  hope  that,  as  trade  among  nations 
becomes  more  open,  this  process  will  become  more  uniform. 
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Preface 

In  1994  in  preparation  for  the  Consensus  Conference,  "As- 
sessing Innovations  for  Mechanical  Ventilatory  Support,"  we 
spent  several  months  in  conversation  and  correspondence  with 
clinicians,  manufacturers  and  product  developers,  and  others. 
The  discussions  centered  on  the  regulation  of  medical  devices 
and  the  processes  of  assessing  and  gaining  approval  for  new 
products  and  modifications  of  existing  products.  Of  those  ap- 
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proached,  many  shared  their  experiences  and  perceptions  with 
us,  but  only  with  the  stipulation  that  the  source  of  the  infor- 
mation not  be  revealed.  That  stipulation  left  us  in  a  quandary. 
We  are  clinician-researchers — not  fiction  writers  or  tabloid 
contributors — and  we  were  reared  to  avoid  anecdote  and  opin- 
ion and  to  insist  on  responsible  documentation  and  balanced 
reporting  of  published  data.  However,  we  had  accepted  the 
challenge  of  the  Conference  Chairmen  to  provide  ". .  .case  stud- 
ies in  recent  innovations  ...  [the  flaws]  in  the  process  of  es- 
tablishing efficacy  . . .  [and]  how  safety  and  efficacy  were  es- 
tablished for  flow-triggers,  pressure  support,  inverse  ratio 
ventilation,  and  high-frequency  ventilation."  We  believed  it 
important  to  provide  first  Conference  participants  and  now 
readers  with  an  account  of  attempts  to  have  products  assessed 
and  approved.  This  paper  encompasses  that  account. 

Introduction 

As  the  result  of  the  Medical  Device  Amendment  passed 
by  Congress  on  May  28,  1976,1  the  FDA  was  given  the  au- 
thority to  regulate  medical  devices.  All  medical  devices  are 
placed  into  one  of  three  categories:  Class  I  (General  Con- 
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trols).  Class  II  (Performance  Standards),  Class  III  (Pre-Mar- 
ket  Application,  or  PMA).  Devices  placed  into  Class  I  are 
subject  to  the  least  strenuous  control,  whereas  Class-Ill  de- 
vices are  the  most  heavily  regulated.  Class-I  devices  are  ex- 
empt from  Class-II  and  Class-Ill  regulations.  Obtaining  an 
FDA  exemption  can  be  as  difficult  as  completing  the  510(k) 
application  process,  and  we  have  observed  that  many  man- 
ufacturers of  medical  devices  avoid  Class-I  designation. 
Table  1  provides  examples  of  medical  devices  in  each  of 
the  three  classes. 


Table  1 .      Medical  Device  Classification  with  Examples  of  Each 

Class-I  Devices      Esophageal  stethoscopes 
Blow  bottles 
Nose  clips 

Nasal  oxygen  cannulas 
Breathing  mouthpieces 
Tracheobronchial  suction  catheters 

Class-II  Devices    Oxygen,  nitrous  oxide,  and  halothane  gas  analyzers 
Diagnostic  spirometers 
Autotransfusion  apparatus 
Anesthesia  breathing  circuits 
Ventilators  for  continuous  support 
All  pulmonary  function  meters 

Class-Ill  Devices  Indwelling  oxyhemoglobin  concentration  analyzers 
Indwelling  carbon  dioxide  analyzers 
Lung  water  monitors 
Extracorporeal  membrane  oxygenators 
High-frequency  ventilators  (rates  >  150/min) 


and,  coupled  with  the  lengthy  testing,  cause  costs  and  time- 
to-market  to  skyrocket.  In  the  end,  the  consumer  must  pay 
this  additional  cost. 

Class-Ill  devices  are  those  that  are  life-sustaining  or  life- 
supporting  and  for  which  substantial  equivalence  cannot  be 
determined.  An  example  of  a  Class-Ill  device  is  a  high-fre- 
quency ventilator.  To  market  a  Class-Ill  device,  manufac- 
turers are  required  to  submit  a  PMA.  The  FDA  requires  safe- 
ty and  efficacy  studies  before  it  will  approve  Class-Ill  devices. 
This  involves  FDA  approval  of  an  Investigation  Device  Ex- 
emption (IDE),  so  that  clinical  trials  can  be  conducted  be- 
fore FDA  approval  to  market  the  device  is  granted.  Corpo- 
rate records  suggest  that  it  is  very  expensive  to  market  Class-Ill 
devices  and  typically  requires  years  of  development  and  clin- 
ical trials. 

Customer  Preference  Testing 

Clinical  trials  of  safety  and  efficacy  are  not  required  for 
Class-II  devices.  However,  information  related  to  the  clin- 
ical use  of  a  ventilator  is  part  of  the  5 10(k)  approval  process. 
This  typically  does  not  involve  a  physiologic  assessment,  but 
rather  is  a  market  evaluation  to  test  customer  acceptance  of 
the  product.  Customer  Preference  Testing  may  be  useful  not 
only  as  part  of  the  5 10(k)  approval  process  but  also  by  pro- 
viding marketing  data  for  the  manufacturer.  Elements  of  Cus- 
tomer Preference  Testing  are: 

•  Device  Description.  This  is  a  description  of  the  device 
to  be  tested.  The  device  to  be  tested  is  labeled  "Inves- 
tigational Device." 


Continuous  mechanical  ventilators  are  Class-II  devices. 
The  original  intention  of  the  Medical  Device  Amendment 
was  to  write  performance  standards  for  Class-II  devices.  How- 
ever, mandatory  performance  standards  for  ventilators  have 
yet  to  be  written.  We  have  observed  that  manufacturers  typ- 
ically gain  approval  to  market  Class-II  devices  through  the 
5 10(k)  process,  which  requires  evidence  that  the  device  (eg. 
ventilator)  be  shown  to  be  substantially  equivalent  to  a  pre- 
Medical  Device  Amendment  device  (Fig.  1 ).  This  requires 
that  the  manufacturer  demonstrate,  through  testing  and  prior 
art  (ie,  previously  submitted  technical  drawings,  laborato- 
ry data,  and  specifications),  that  the  new  device  is  substan- 
tially equivalent  to  a  device  that  had  been  approved  before 
1976.  FDA  scrutiny  of  51()(k)  applications  is  becoming  in- 
creasingly rigorous,  requiring  large  volumes  of  laboratory 
validation  testing  and  Customer  Preference  Testing  before 
the  device  is  approved. 

The  introduction  of  microprocessor  technology  has  fur- 
ther complicated  this  process.  Current  FDA  regulations1-2  re- 
quire line-by-line  testing  of  software  to  help  reduce  'bugs' 
to  a  minimum.  The  software  safety  requirements  significantly 
increase  the  necessary  documentation  for  the  5l()(k)  process 


Objectives  of  Customer  Preference  Testing.  This  is  a  list- 
ing of  the  specific  questions  to  be  answered  (objectives 
to  be  met)  as  the  result  of  the  Customer  Preference  Test- 
ing. Again,  the  primary  objective  of  this  evaluation  is  to 
determine  that  the  device  does  what  it  was  designed  to  do; 
the  objective  is  not  safety  and  efficacy  testing. 

Site  Selection.  Sites  (hospitals)  to  participate  in  Customer 
Preference  Testing  are  selected  based  upon  their  interest, 
their  ability  to  provide  the  necessary  facilities,  their  abil- 
ity to  provide  access  to  the  required  patient  types,  their  sci- 
entific reputation,  and  their  willingness  to  comply  with 
good  and  ethical  clinical  practices. 

Customer  Preference  Testing  Protocol.  This  deals  with 
the  specifics  of  the  evaluation  plan.  Details  of  this  include 
evaluation-site  prerequisites,  patient  population,  and  de- 
mographics, the  names  of  the  investigators,  an  in-service 
training  plan,  equipment  requirements,  duration  of  the  eval- 
uation, data  collection  tools,  and  the  data  collection  plan. 
Although  this  is  not  a  formal  research  study,  it  contains 
many  of  the  elements  of  a  research  project. 
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Fig.  1 .  Determining  51 0(k)  "Substantial  Equivalence:"  the  decision-making  process.  51 0(k)  submissions  compare  new  devices  to  devices  al- 
ready approved  and  marketed.  The  FDA  requests  additional  information  if  the  relationship  between  marketed  and  "predicate"  (ie,  pre- 
Amendment  or  reclassified  post-Amendment)  devices  is  unclear.  "This  decision  is  normally  based  on  descriptive  information  alone,  but  limit- 
ed testing  information  is  sometimes  required.  tData  may  be  in  the  510(k)  being  prepared,  other  510(k)s,  the  FDA's  classification  files,  or  the 
literature.  (Adapted  from  Reference  1,  with  permission). 


Institutional  Review  Board  (IRB)  Approval.  An  evalua- 
tion involving  patients  requires  approval  by  the  local  IRB. 
It  is  unethical  to  conduct  any  evaluation  of  an  investiga- 
tional device  without  IRB  approval  of  the  protocol.3  De- 
pending on  the  nature  of  the  device,  the  IRB  may  or  may 
not  require  written  informed  consent.  The  importance  of 


following  local  IRB  and  institutional  policies  when  con- 
ducting device  evaluations  cannot  be  overemphasized. 

Data  Analysis  Plan.  These  are  the  methods  used  to  eval- 
uate the  results.  Because  these  are  not  clinical  trials,  data 
analysis  is  often  descriptive  in  nature. 
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•  Written  Report.  When  the  Customer  Preference  Testing  is 
complete,  a  written  report  is  prepared.  This  report,  or  parts 
thereof,  may  then  be  submitted  with  a  5 10(k)  application. 

Depending  upon  the  device.  Customer  Preference  Test- 
ing may  go  through  a  series  of  iterations.  It  is  typical  that  is- 
sues will  arise  and  be  addressed  during  Customer  Preference 
Testing  that  were  not  anticipated  by  the  engineers  during  lab- 
oratory bench  testing.  The  prototype  device  is  then  re-engi- 
neered, and  laboratory  testing  and  Customer  Preference  Test- 
ing are  repeated. 

Respiratory  therapists  and  other  clinicians  are  often  anx- 
ious to  participate  in  Customer  Preference  Testing.  When  clin- 
icians become  involved  in  these  evaluations,  it  is  important 
that  they  appreciate  the  gravity  of  this  procedure.  Investigators 
participating  in  Customer  Preference  Testing  have  obligations 
to  their  patients,  their  institution,  and  the  manufacturer.  These 
evaluations  must  be  conducted  ethically  and  without  com- 
promise to  the  quality  of  patient  care. 

Pre-Market  Application  Approval 

Unlike  Class-II  devices,  Class-Ill  devices  require  clinical 
studies  that  test  safety  and  efficacy  before  FDA  approval  is 
obtained.  A  current  example  is  the  nitric  oxide  study  being 
sponsored  by  Ohmeda  (Madison  WI).  The  procedure  where- 
by Class-Ill  devices  gain  FDA  approval  for  marketing  is  the 
PMA  process.  The  PMA  procedure  begins  after  laboratory 
bench  and/or  animal  testing  have  been  completed.  The  man- 
ufacturer has  the  ultimate  responsibility  for  assuring  that  all 
regulations  are  met. 

The  Manufacturer 

•  Proposes  clinical  studies.  These  are  clinical  trials  designed 
to  demonstrate  the  safety  and  efficacy  of  the  new  device. 
These  studies  cannot  be  conducted  without  the  approval 
of  the  FDA.  Approval  by  the  FDA  to  conduct  clinical  stud- 
ies with  the  device  does  not  mean  that  the  FDA  will  later 
find  these  studies  appropriate  to  demonstrate  safety  and 
efficacy.  In  other  words,  the  FDA  may  approve  clinical 
studies  using  the  device  but  later  decide  that  these  stud- 
ies were  not  designed  appropriately.  The  FDA  has  recently 
begun  to  make  it  easier  for  manufacturers  to  receive  FDA 
input  early  during  the  protocol  planning  process.4  This  co- 
operative effort  between  the  FDA  and  industry  should  help 
avoid  problems  related  to  appropriate  protocol  design. 

•  Obtains  an  Investigational  Device  Exemption  (IDE).  Be- 
fore the  Class-Ill  device  can  be  used  on  patients,  an  IDE 
must  be  obtained  by  the  manufacturer.  The  IDE  essentially 
allows  the  device  to  be  used  on  patients  for  purposes  of 
proceeding  with  the  PMA  process.  The  IDE  of  Class-Ill 
medical  devices  is  the  counterpart  to  the  Investigational 


New  Drug  (IND)  exemption  granted  by  the  FDA  to  study 
new  drugs. 

•  Selects  qualified  investigators.  By  their  nature,  Class-Ill 
devices  are  investigational  before  FDA  approval.  Thus, 
it  is  very  important  that  investigators  selected  to  conduct 
clinical  trials  for  the  approval  of  these  devices  be  conversant 
with  the  scientific  process.  Individuals  participating  in  this 
process  will  often  be  much  more  scientifically  sophisti- 
cated than  those  who  might  participate  in  Customer  Pref- 
erence Testing  for  Class-II  devices. 

•  Files  the  PMA.  The  results  of  all  nonclinical  and  clinical 
studies  are  analyzed.  These  are  submitted  to  the  FDA  with 
other  materials,  such  as  manufacturing  plans,  quality  as- 
surance plans,  sources  of  suppliers,  training  and  operational 
materials,  and  advertising  literature. 

Participants  in  Human  Subject  Testing 

•  Obtain  Institutional  Review  Board  approval.  An  evalu- 
ation involving  patients  and  an  IDE  always  requires  ap- 
proval by  the  local  IRB.  It  is  unethical  to  conduct  any  eval- 
uation of  an  investigational  device  without  IRB  approval 
of  the  protocol. 

•  Assure  appropriate  monitoring  of  subjects.  During  the  clin- 
ical trials,  patients  must  be  appropriately  monitored,  and 
any  adverse  effects  must  be  promptly  reported  to  the  local 
IRB,  the  manufacturer,  and  the  FDA.  Serious  adverse  events 
(SAE)  occurring  during  the  investigation  must  be  reported 
to  the  sponsor  immediately  by  telephone  and  in  writing 
within  48  hours.  The  sponsor  must  then  notify  the  FDA 
within  1  week. 

The  FDA 

•  Guarantees  adherence  to  good  manufacturing  practices 
(GMP).  The  FDA  inspects  the  PMA  for  information  re- 
lated to  manufacturing,  quality  assurance,  customer  ser- 
vice, and  documentation. 

•  Arranges  Advisory  Panel  review.  The  PMA  is  reviewed 
by  an  independent  panel  of  the  FDA  that  consists  of  clin- 
ical, industry,  and  lay  persons  interested  in  protecting  the 
health  of  the  public.  The  FDA  Advisory  Panel  meetings 
are  open  to  the  public,  and  dates  and  times  are  published 
in  the  Federal  Register.  Even  though  the  FDA  may  have 
approved  all  clinical  trials  to  test  the  safety  and  efficacy 
of  the  Class-Ill  device,  the  Advisory  Panel  may  decide  that 
these  trials  were  inadequate  or  incorrectly  designed  to  test 
safety  and  efficacy. 

•  Publishes  notice  of  proposed  approval.  The  proposed  ap- 


960 


Respiratory  Care  •  September  '95  Vol  40  No  9 


Case  Studies  in  MV  Innovations 


proval  is  published  in  the  Federal  Register.  Anyone  op- 
posed to  the  approval  has  30  days  to  submit  objections. 

•  Advises  the  manufacturer  of  FDA  approval.  When  the  de- 
vice is  eventually  approved,  written  notification  is  sent  to 
the  manufacturer,  with  all  qualifiers,  disclaimers,  and  rules 
and  regulations  to  keep  the  approval  valid. 

This  process  is  typically  lengthy  and  expensive  and  may 
test  the  financial  resources  and  emotional  fortitude  of  the  man- 
ufacturer. Many  manufacturers  may  decide  to  forgo  devel- 
opment of  a  new  product  because  the  cost  of  the  PM  A  pro- 
cess, added  to  development  costs,  decreases  the  profit  margin. 

Case  Studies 

Flow-Triggering:  Low  Cost  &  Low  Risk 

Correct  patient- ventilator  interactions  are  important  to  pre- 
vent dyssynchrony,  improve  patient  comfort,  and  decrease 
the  oxygen  cost  of  breathing.  Ventilator  systems  that  allow 
patient-triggering  have  been  available  since  the  1960s.  On  this 
basis,  the  trigger  mechanism  of  the  ventilator  should  fit  the 
criteria  for  a  Class-II  device,  and  should  qualify  for  5 10(k) 
approval.  It  could  be  reasonably  argued  that  all  ventilator  trig- 
gers are  substantially  equivalent,  and  differ  only  in  their  elec- 
tronic and  pneumatic  algorithms. 

Until  recently,  ventilators  have  been  equipped  to  trigger 
only  in  response  to  a  pressure  signal  measured  either  at  the 
proximal  airway  or  within  the  ventilator.  The  pressure-trig- 
ger has  been  used  to  initiate  assisted  breaths,  pressure-sup- 
ported breaths,  and  spontaneous  breaths.  More  recently,  flow- 
triggered  ventilator  systems  have  become  available.  Studies510 
conducted  after  the  commercial  introduction  of  these  systems 
have  shown  that  flow-triggering  is  superior  to  pressure-trig- 
gering with  respect  to  response  time,  baseline  pressure  drop, 
pressure-time  product,  and  work  of  breathing.  The  superiority 
of  flow-triggering  is  particularly  important  for  the  delivery 
of  spontaneous  breaths  (eg,  continuous  positive  airway  pres- 
sure, or  CPAP,  and  synchronized  intermittent  mandatory  ven- 
tilation, or  SIMV)  but  has  also  been  shown  to  be  useful  dur- 
ing volume-limited  and  pressure-limited  breaths.10 

Intermittent  mandatory  ventilation  (IMV)  was  used  clin- 
ically before  it  became  commercially  available.  In  the  early 
days  of  IMV,  a  typical  system  was  jury-rigged  by  the  clin- 
ician to  provide  a  continuous  flow  through  the  circuit  to  allow 
spontaneous  breathing  between  ventilator  breaths.  Although 
such  a  system  did  not  allow  the  patient  to  trigger  mandato- 
ry breaths,  the  inspiratory  work  of  breathing  for  spontaneous 
breaths  was  relatively  low  when  the  flow  through  the  system 
exceeded  patient  demand.  Problems  associated  with  these  sys- 
tems included  improper  assembly,  inability  of  the  patient  to 
trigger  mandatory  breaths,  and  high  back-pressure  from  the 
expiratory  valve  due  to  flow  through  the  system. 


Although  a  continuous-flow  IMV  ventilator  was  com- 
mercially available  for  many  years  (eg.  Emerson  IMV),  most 
manufacturers  designed  demand-valve  IMV  systems.  Demand- 
valve  systems  responded  to  patient  effort  (ie,  a  pressure  drop 
in  the  system)  to  provide  flow  during  spontaneous  breathing. 
Because  there  was  no  continuous  flow  through  the  system, 
exhaled  tidal  volumes  could  be  easily  measured.  In  addition, 
the  demand-valve  system  allowed  mandatory  breaths  to  be 
triggered  by  the  patient  (SIMV).  Demand-valve  SIMV  sys- 
tems were  well  accepted  by  many  clinicians,  in  spite  of  re- 
ports in  the  literature  of  the  excessive  effort  required  to  breathe 
from  many  of  these  systems."11 

The  development  of  flow-triggering  resulted  from  the  de- 
sire for  a  system  that  operated  with  a  continuous  flow  through 
the  circuit  but  allowed  the  patient  to  trigger  mandatory  breaths. 
A  continuous-flow  SIMV  system  is  not  practical  (and  perhaps 
not  possible)  with  pressure-triggering  of  mandatory  breaths. 
Thus,  a  prerequisite  for  a  continuous-flow  SIMV  system  was 
the  necessity  to  flow-trigger  mandatory  breaths.  Also,  flow 
through  the  circuit  can  be  reduced  if  the  system  responds  to 
spontaneous  breathing  efforts  (CPAP)  by  increasing  flow  as 
necessary  to  meet  patient  demand.  The  clinician's  desire  for 
a  continuous-flow  ventilator  thus  resulted  in  engineers'  de- 
veloping a  continuous-flow  ventilator  with  flow-triggering. 

An  example  is  the  flow-triggering  on  the  Puritan-Bennett 
7200  ventilators.  Flow-triggered  prototype  ventilators  were 
developed  by  engineers,  subjected  to  thorough  laboratory  bench 
testing,  and  had  the  electronic  and  pneumatic  controls  refined 
as  necessary.  Following  complete  validation  by  the  manu- 
facturer in  the  engineering  laboratory,  protocols  for  clinical 
evaluations  were  written.  These  protocols  were  designed  only 
to  determine  whether  the  flow-trigger  does  what  it  is  supposed 
to  do.  In  other  words,  does  the  ventilator  deliver  flow  (ie,  trig- 
ger) in  response  to  patient  effort?  The  clinical  evaluations  were 
designed  to  evaluate  customer  preferences,  and  not  to  test  safe- 
ty and  efficacy.  A  small  number  of  hospitals  were  chosen  to 
participate  in  the  Customer  Preference  Testing.  The  ventilators 
with  flow-triggering  were  first  used  with  relatively  healthy 
patients  and  later  in  increasingly  difficult  scenarios.  Clinician 
evaluations  were  collected  using  a  standard  questionnaire. 
Based  upon  user  feedback,  appropriate  and  necessary  changes 
were  incorporated,  and  clinical  evaluations  were  repeated. 

Following  completion  of  all  laboratory  validation  testing 
and  Customer  Preference  Testing,  a  5 10(k)  application  was 
submitted.  The  entire  process  of  designing,  testing,  and  gain- 
ing approval  for  flow-triggering  required  about  16  months  and 
4  person-years.  Flow-triggering  is  arguably  low  cost  and  low 
risk.  The  cost  of  designing  and  evaluating  this  system  was  rel- 
atively low,  and  the  system  uses  some  components  and  con- 
trols already  present  in  the  ventilator.  Clinicians  can  use  the 
flow-trigger  without  extensive  training;  in  fact,  manufacturer- 
preset  default  settings  are  often  satisfactory.  Finally,  there  is 
little  increased  risk  of  morbidity  or  mortality  to  the  patient 
if  flow-triggering  is  used  incorrectly  or  if  it  should  fail. 
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A  similar  case  involves  the  development  of  flow  synchron- 
ization by  Bird  Products.  This  device  was  the  first  to  allow 
flow-triggered,  pressure-limited,  time-cycled  ventilation  for 
neonates.  Impetus  for  the  flow-triggering  device  came  after 
a  company  employee  read  a  newspaper  article  regarding  a  new 
way  of  ventilating  infants. 

The  prototype  being  used  by  the  physician  was  triggering 
the  ventilator  from  impedance  pneumography  signals.  After 
some  discussion  with  the  inventor,  the  engineering  team  mulled 
over  the  possibility  of  making  the  project  work.  After  some 
disappointing  initial  studies,  the  engineers  began  to  discuss 
alternatives  to  impedance  pneumography  as  the  triggering  sig- 
nal. During  the  ensuing  year  and  a  half,  a  neonatal  flow  sen- 
sor and  algorithms  for  flow-triggering  were  designed. 

Between  1990  and  the  introduction  of  flow  synchro- 
nization on  the  Bird  VIP  ventilator,  the  software  was  continu- 
ously refined.  Clinical  trials  demonstrating  the  safety  of  the 
device  were  accomplished  as  well  as  Customer  Preference 
Testing.  Bench  evaluations  of  each  of  the  modifications  sug- 
gested by  clinicians  were  undertaken  prior  to  additional  clin- 
ical evaluations. 

Trie  development  of  the  flow-triggering  system  is  estimated 
to  have  cost  $800,000.  The  5 10(k)  review  process  was  com- 
pleted in  12  months.  Like  the  previous  example,  it  could  be 
argued  that  flow-triggering  for  neonates  is  low  risk.  However, 
due  to  the  inherent  difficulties  associated  with  sensing  res- 
piratory efforts  of  neonates  and  the  potential  deleterious  ef- 
fects of  failure  to  detect  breathing,  this  type  of  flow-triggering 
might  be  considered  moderate  risk.  The  issue  of  cost  is  based 
on  perspective.  At  a  cost  of  $800,000,  most  clinicians  would 
consider  this  high  cost.  However,  this  would  typically  be  con- 
sidered moderate  cost  by  most  manufacturers.  This  may  serve 
to  demonstrate  the  dilemmas  facing  the  FDA.  Within  the  dis- 
cipline of  mechanical  ventilation,  the  same  design  (flow-trig- 
gering) might  be  considered  low  or  moderate  risk  depending 
on  other  circumstances.  From  the  perspective  of  the  manu- 
facturer, the  same  device — the  flow-trigger — might  be  con- 
sidered low  or  moderate  cost. 

Pressure-Control  Ventilation: 
Moderate  Cost  &  Moderate  Risk 

Pressure-limited  ventilation  has  been  available  since  the 
earliest  days  of  mechanical  ventilation.  The  Bird  and  Ben- 
nett ventilators  commonly  used  in  the  1960s  and  1970s  were 
pressure-limited  ventilators.  Pressure  ventilators  of  that  era 
were  pressure-cycled  rather  than  pressure-limited  and  were 
not  sufficiently  sophisticated  to  ventilate  critically  ill  patients 
whose  impedance  was  high.  Because  it  was  difficult  to  ad- 
equately ventilate  patients  with  high  and  changing  pulmonary 
impedance  using  these  ventilators,  they  were  virtually  aban- 
doned in  favor  of  volume  ventilators.  For  neonates,  howev- 
er, time-cycled  pressure-limited  ventilation  became  standard 
practice.  In  recent  years,  interest  in  pressure  ventilation  of  adults 


has  been  renewed  due  primarily  to  a  legitimate  concern  for 
the  effects  of  high  airway  pressures  on  localized  overdistention 
within  the  lungs.14 

Until  the  mid-1980s,  pressure  ventilators  did  not  have  so- 
phisticated feedback  control  for  gas  delivery  in  a  pressure- 
limited,  time-cycled  manner.  Engineering  of  a  pressure-lim- 
ited ventilator  required  development  of  algorithms  for  flow 
delivery  that  resulted  in  the  constant-pressure  and  deceler- 
ating flow  pattern  typical  of  pressure  ventilation.  The  elec- 
tronic and  pneumatic  controls  required  for  this  inspiratory  pat- 
tern were  much  different  from  those  previously  used  for 
volume-limited  or  pressure-cycled  ventilators. 

An  example  is  provided  by  the  pressure-control  function 
of  the  Puritan-Bennett  7200  ventilator.  Design  of  a  pressure- 
limited  and  time-cycled  mode  of  ventilation  required  decisions 
related  to  the  ventilator-clinician  interface.  For  example,  in- 
spiratory time  can  be  determined  by  setting  it  directly,  by 
setting  an  inspiratory-expiratory  time  ratio,  or  by  setting  an 
inspiratory  time  fraction.  Further,  decisions  regarding  the 
pressure  target  were  necessary — the  pressure  setting  could 
be  the  absolute  peak  airway  pressure  desired  or  the  pressure 
above  PEEP.  These  issues  were  resolved  through  confer- 
ences between  clinicians  and  engineers  and  through  bench 
testing  of  electronic  control  systems  and  pneumatic  gas-de- 
livery systems. 

The  testing  and  development  of  pressure  ventilation  were 
more  involved  than  were  testing  and  development  of  flow- 
triggering.  Pressure  ventilation  was  conceptually  more  dif- 
ficult for  clinicians  to  use.  Clinicians'  understanding  of  pres- 
sure ventilation  required  considerable  effort.  As  a  result. 
Customer  Preference  Testing  was  more  involved  with  pres- 
sure ventilation.  Not  only  did  clinicians  need  to  evaluate  the 
pressure  ventilation  capability  of  the  ventilator,  but  they  also 
needed  to  learn  a  fundamentally  different  concept  of  me- 
chanical ventilation  of  adult  patients.  As  a  result,  multiple 
iterations  of  Customer  Preference  Testing  were  required  for 
pressure  ventilation. 

A  510(k)  application  was  submitted  after  completion  of 
laboratory  testing  and  Customer  Preference  Testing.  The  en- 
tire process  of  designing,  testing,  and  gaining  approval  for 
pressure  ventilation  required  about  30  months  and  4  person- 
years.  Pressure  ventilation  can  be  classified  as  moderate  cost 
and  moderate  risk.  The  cost  and  time  for  development  of  the 
pressure-limited  ventilation  system  were  greater  than  they 
had  been  for  a  technique  such  as  flow-triggering.  The  mod- 
erate risk  of  a  pressure-limited  ventilation  system  is  related 
to  clinician  understanding  (or  misunderstanding)  of  the  use 
of  the  method.  Misuse  of  pressure-limited  ventilation  can  pro- 
duce moderate  patient  risk  related  to  inappropriate  settings 
of  pressure  and  inspiratory  time  by  clinicians  who  are  un- 
familiar with  the  method. 

Clinical  evaluations  of  pressure  ventilation  have  all  occurred 
after  ventilators  that  incorporated  this  method  became  com- 
mercially available.13,16  Considerable  confusion  remains  re- 
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garding  the  usefulness  of  this  mode.  Although  improved  oxy- 
genation has  been  reported  when  patients  were  switched  from 
volume  to  pressure  ventilation,  it  remains  unclear  whether  those 
improvements  were  due  to  changes  in  mean  airway  pressure, 
auto-PEEP  levels,  inspiratory  time,  or  inspiratory  flow  pat- 
tern.17 Controlled  clinical  trials  are  still  needed  to  resolve  this 
issue.  It  is  our  bias  that  the  benefit  of  pressure  control  may 
be  the  avoidance  of  high  peak  alveolar  pressure  and  the  as- 
sociated overdistention.  However,  this  remains  unproven  and 
is  purely  speculative  at  this  time. 

Volume- Assured  Pressure  Support: 
Low  Risk  &  Moderate  Cost 

The  issue  of  patient- ventilator  synchrony  and  concern  about 
the  work  of  breathing  during  assist-control  ventilation  has  led 
to  several  recent  modifications  of  existing  modes.  These  in- 
clude volume-assured  pressure  support  (VAPS),  pressure  aug- 
mentation, and  pressure-regulated  volume  control.18 

VAPS  was  introduced  by  a  physician  and  engineer  from 
Brazil.19  It  is  currently  available  on  the  Bird  8400STi  and  per- 
forms two  functions.  In  the  assist-control  mode,  each  breath 
begins  like  a  pressure-control  breath  (rapid  initial  flow)  to  help 
reduce  the  work  of  breathing.  However,  unlike  a  pressure- 
control  breath,  the  volume  delivered  is  constant.  Because  the 
flow  is  at  a  maximum  at  the  beginning  of  the  breath  and  varies 
with  patient  demand,  this  mode  may  be  useful  for  patients  with 
frequently  changing  ventilatory  demands.20 

In  the  pressure-support  mode,  VAPS  allows  normal  pres- 
sure-support function,  unless  the  delivered  volume  falls  below 
a  threshold  set  by  the  clinician.  If  this  occurs,  the  ventilator 
allows  pressure  to  increase  as  flow  is  delivered  to  maintain 
the  set  tidal  volume.  Inconsistent  tidal  volume  delivery  is  a 
frequent  criticism  of  pressure-support  ventilation,  and  the 
VAPS  mode  appears  to  be  an  answer  to  this  problem. 

Initial  bench  testing  and  Customer  Preference  Testing  were 
accomplished,  design  changes  suggested,  and  modifications 
made.  During  the  510(k)  review  process,  the  FDA  imple- 
mented new  regulations  regarding  electromagnetic  interference 
and  software  testing.  This  required  repeated  modifications 
to  the  510(k)  submission.  After  nearly  a  year,  a  similar  de- 
vice was  5 10(k)  approved  by  the  FDA.  Bird  Corporation  then 
used  this  as  a  predicate  device  claiming  "substantial  equiv- 
alence." After  a  total  of  15  months,  VAPS  was  approved  with 
no  clinical  data  included  in  the  application.  Claiming  equiv- 
alence to  a  recently  approved  device  negated  the  need  for  ac- 
tual patient  testing. 

High-Frequency  Jet  Ventilation: 
High  Cost  &  High  Risk 

There  has  been  interest  in  high-frequency  ventilation  tech- 
niques for  many  years  stemming  from  the  desire  to  ventilate 
the  lungs  of  patients  at  low  tidal  volumes  to  avoid  the  overdis- 


tention, acute  lung  injury,  and  barotrauma  associated  with  high 
alveolar  pressures.21-22 

Perhaps  the  first  mechanical  ventilator  to  be  subjected  to 
the  entire  PMA  process  was  the  Bunnell  Life  Pulse,  a  neona- 
tal jet  ventilator.  FDA  approval  to  conduct  the  clinical  tri- 
als began  in  October  198 1  for  any  condition  that  failed  to  re- 
spond to  conventional  neonatal  ventilation.  An  attempt  was 
made  to  recruit  as  many  sites  as  possible,  but  the  FDA  had 
a  limit  of  20  sites  and  considered  more  than  this  as  com- 
mercialization. Each  clinical  site  paid  for  the  investigational 
device  and  supplies.  The  manufacturer  could  exercise  only 
limited  control  of  the  protocols,  and  thus  protocols  differed 
at  each  site. 

By  mid- 1985,  data  were  collected  on  over  150  babies  at 
5  hospitals.  It  was  decided  to  focus  on  those  with  severe  res- 
piratory distress  syndrome  (RDS)  complicated  by  pulmonary 
air  leaks.  The  full  PMA  was  submitted  in  August  1985.  In 
November  1985,  the  PMA  was  rejected  with  12  administrative 
deficiencies.  The  principal  criticism  was  that  a  randomized 
controlled  study  had  not  been  conducted.  Bunnell  respond- 
ed in  writing  to  the  1 2  deficiencies  and  requested  that  the  ap- 
plication be  reviewed  by  an  FDA  Advisory  Panel. 

In  June  1987.  the  PMA  was  scheduled  for  a  hearing  be- 
fore the  FDA  Advisory  Panel.  However,  the  FDA's  statisti- 
cians refused  to  accept  the  data  because  there  was  no  suitable 
control  group.  The  Advisory  Panel  suggested  that  the  suit- 
able control  group  requested  by  the  FDA  was  either  impos- 
sible or  impractical  and  specified  the  additional  data  neces- 
sary to  gain  approval.  By  November  1987,  an  additional  108 
patients  were  added  to  the  original  92  babies  with  severe  RDS 
complicated  by  pulmonary  air  leak.  These  data  were  presented 
to  the  FDA  Advisory  Panel,  who  suggested  that  the  device 
could  be  approved  with  only  minor  modifications.  On  June 
30,  1988 — almost  7  years  after  clinical  trials  were  initiated, 
the  FDA  approved  the  jet  ventilator  for  marketing. 

Not  counting  hospital  personnel  time  and  expenses  to  con- 
duct the  clinical  trials  (hospitals  paid  for  the  ventilators  and 
supplies,  and  donated  clinical  time),  an  estimated  20-30  per- 
son-years were  required  to  gain  FDA  approval  of  this  ven- 
tilator. The  personnel  expenses  charged  to  this  project  were 
about  $2,000,000. 

Charting  a  parallel  course,  Dr  Forrest  Bird  filed  for  an  IDE 
and  PMA  in  1980  for  a  family  of  high-frequency  devices  based 
on  his  theory  of  intrapulmonary  percussive  ventilation  (IPV). 
The  earliest  devices  were  similar  to  high-frequency  jet  ven- 
tilators. However,  using  a  venturi  and  all  pneumatic  com- 
ponents. Bird  was  able  to  create  a  type  of  pressure-limited  ven- 
tilation wherein  the  pressure  limit  was  reached  by  using  small 
high-frequency  bursts  of  gas. 

During  the  clinical  investigations,  all  investigators  were 
provided  with  ventilators  and  disposables  at  no  charge.  All 
clinical  trials  were  performed  without  additional  charge  to  the 
company,  although  in  the  end,  clinical  sites  were  given  equip- 
ment to  continue  further  research.  Bird  had  been  convinced 
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initially  that  acquiring  a  PMA  was  the  approval  of  choice.  Dur- 
ing the  decade  of  trials  prior  to  approval.  Bird  met  with  FDA 
on  numerous  occasions.  In  his  estimation,  the  biggest  prob- 
lem at  FDA  was  that  the  agency  was  given  too  difficult  a  charge 
by  Congress  and  too  few  resources  to  accomplish  the  task. 

In  the  end.  Bird  was  granted  a  510(k)  by  demonstrating 
that  a  Bird  Mark  II  (the  timing  mechanism  from  the  babyBird) 
was  capable  of  providing  ventilator  rates  in  excess  of  150 
breaths/min.  In  this  case,  substantial  equivalence  was  estab- 
lished using  prior  art.  It  has  been  estimated  that  the  cost  as- 
sociated with  FDA  review  for  final  approval  of  the  family  of 
high-frequency  devices  was  around  $500,000. 

High-frequency  ventilation  is  now  well  accepted  in  neona- 
tal respiratory  care,23-24  and  applications  of  high-frequency  ven- 
tilation have  been  described  in  adults.25"30  We  believe  that  most 
clinicians  would  agree  that  high-frequency  ventilation  is  high 
risk  and  high  cost.  It  is  completely  unlike  conventional  ven- 
tilation; it  is  likely  to  cause  harm  if  it  is  not  effective;  and  it 
is  costly  in  terms  of  hardware,  personnel  training,  and  the  PMA 
process.  Regardless  of  whether  one  supports  the  use  of  high- 
frequency  ventilation,  a  number  of  issues  are  raised  by  the  Bun- 
nell and  Bird  experiences.  We  believe  the  following  to  be  true: 

•  The  process  is  ambiguous.  The  PMA  process  does  not  seem 
well-defined,  expectations  are  not  clear,  and  little  con- 
structive feedback  is  provided. 

•  The  process  is  not  user  friendly,  and  because  the  pro- 
cess is  not  facilitated,  the  appearance  of  'stone-walling' 
is  presented. 


The  process  is  expensive.  The  PMA  process  is  expensive, 
particularly  in  relation  to  clinical  trials.  This  expense  is 
often  assumed  by  the  manufacturer,  who  then  passes  the 
cost  on  to  the  consumer.  In  some  cases,  the  manufactur- 
er funds  the  clinical  trials  by  selling  investigational  de- 
vices to  the  investigating  sites. 

The  appropriate  role  of  the  inventor  or  manufacturer  is 
unclear.  The  inventor  or  manufacturer  is  usually  intimately 
involved  in  the  clinical  trials  required  as  part  of  the  PMA 
process.  Because  there  is  the  eventual  possibility  of  fi- 
nancial gain,  the  issue  of  conflict  of  interest  arises.  A  tug- 
of-war  can  develop  between  the  inventor  as  proponent  and 
the  FDA  as  skeptic.  A  solution  would  be  to  fund  inde- 
pendent clinical  trials,  but  this  may  be  neither  practical 
nor  possible.  It  is  not  reasonable  to  expect  academic  cen- 
ters to  support  clinical  trials  without  remuneration  because 
investigators  in  academic  centers  depend  on  funding  to 
conduct  such  trials. 


The  process  is  intimidating.  Our  personal  observations  sug- 
gest that  the  FDA  intimidates  all  manufacturers  of  med- 
ical devices,  whether  approval  is  sought  through  the  5 10(k) 
process  or  the  PMA  process.  The  medical  device  indus- 
try operates  in  constant  concern  related  to  the  FDA.  Re- 
search and  development  efforts  of  industry  are  always  gov- 
erned to  some  extent  by  FDA-related  apprehension,  resulting 
in  guarded  creativity  and  increased  development  costs. 

Some  Questions  That  Arise 


The  process  is  not  expeditious.  Approval  of  a  device  such 
as  a  high-frequency  ventilator  takes  about  7  years.  Dur- 
ing this  time,  there  are  long  lag  times  between  submission 
of  PMA  materials  and  official  action  or  feedback. 

Approval  of  clinical  trials  is  separate  from  the  PMA  process. 
The  FDA  may  approve  clinical  trials  using  the  investigation- 
al device;  however,  the  approved  clinical  trials  may  not  be 
found  appropriate  by  the  FDA  to  authorize  marketing. 

What  constitutes  an  acceptable  clinical  trial  for  FDA  ap- 
proval is  unclear.  This  should  be  clarified  early  in  the  de- 
sign of  clinical  trials.  Considerable  time  and  resources  are 
wasted  if  the  FDA  finds  that  the  results  of  clinical  trials  are 
inadequate  to  permit  marketing.  The  ideal  design  would 
be  a  randomized  controlled  clinical  trial  with  appropriate 
statistical  power  and  an  appropriate  outcome,  such  as  im- 
proved morbidity  or  mortality.  Cost  should  also  be  considered 
(eg,  ventilator  days,  ICU  days,  hospital  stay).  In  other  cases, 
randomized  trials  may  be  unnecessary  or  unethical.  In  some 
cases,  a  succession  of  clinical  trials  may  be  necessary,  be- 
ginning with  physiologic  outcomes  and  progressing  to  other 
more  important  outcomes,  such  as  mortality. 


When  Does  a  Modification  Require  Approval? 

Minor  device  alterations  may  be  needed  after  FDA  approval 
to  market  a  device  has  been  received.  When  such  modifica- 
tions require  a  new  5 10(k)  or  PMA  has  not  been  made  entirely 
clear.  Manufacturers  usually  avoid  modifications  that  will  re- 
quire a  new  FDA  application  for  approval.  A  new  FDA  ap- 
plication is  generally  required  if  modifications  of  the  device 
result  in  a  change  in  "form,  fit,  or  function."1  For  minor  mod- 
ifications, manufacturers  usually  file  internal  documentation 
to  justify  that  there  was  no  change  in  form,  fit.  or  function. 
In  that  way,  a  new  FDA  application  may  be  avoided.  How- 
ever, there  is  always  the  possibility  that  the  FDA  will  chal- 
lenge that  decision,  particularly  if  a  device  malfunction  is  re- 
ported. How  a  manufacturer  deals  with  issues  such  as  this 
relates  to  the  FDA's  judgment  of  "good  manufacturing  prac- 
tices." A  5l0(k)  may  not  be  necessary  if  the  following  cri- 
teria are  met:  there  is  no  intent  to  change  device  specifica- 
tions, well-accepted  testing  procedures  assure  that  the  original 
specifications  are  met,  and  the  original  specifications  were 
adequate  to  assure  that  conformance  to  specifications  guar- 
antees that  the  device  has  not  changed.  Examples  of  design 
changes  that  require  a  new  5  l()(k)  include  a  change  that  may 


964 


RESPIRATORY  CARE  •  SEPTEMBER  '95  VOL  40  NO  9 


Case  Studies  in  MV  Innovations 


result  in  breakage,  a  change  in  material  to  one  that  is  not  bio- 
compatible, or  a  change  to  a  component  of  lesser  strength  than 
the  original  component.  The  more  critical  the  nature  of  the 
modification  and  the  more  complex  the  evaluation  of  the  mod- 
ification, the  more  likely  it  is  that  a  5 10(k)  will  be  required. 

When  Will  the  FDA  Prosecute? 

The  FDA  is  authorized  to  criminally  prosecute  medical  de- 
vice manufacturers  (as  well  as  individuals)  for  the  commis- 
sion of  acts  prohibited  by  the  Medical  Device  Amendment 
Act.1-  However,  it  appears  that  few  manufacturers  or  individuals 
are  ever  prosecuted.  The  FDA  has  a  policy  of  incremental  en- 
forcement. A  warning  letter  is  issued  for  those  violations  that 
do  not  present  danger  to  the  health  of  the  public,  that  are  in- 
advertent, and  that  are  likely  to  be  corrected  upon  request  by 
the  FDA.  Larger  problems  may  result  in  seizure,  injunctive 
action,  detention,  or  mandatory  recalls.  Prosecution  is  reserved 
for  serious  disregard  of  the  public  health,  fraud,  or  intentional 
violations  of  the  Medical  Device  Amendment  Act. 

Where  Is  Reality? 

A  delicate  balance  is  needed  to  protect  the  interests  of  the 
patient,  the  inventor  and/or  manufacturer,  and  the  tax  payer 
(who  funds  the  FDA).  No  clinician  is  tolerant  of  an  unsafe 
or  ineffective  device,  but,  how  much  should  we  be  willing 
to  spend;  and,  how  much  testing  should  be  required  to  deter- 
mine that  a  device  is  safe  and  effective?  As  clinicians,  we  typ- 
ically have  little  appreciation  for  the  FDA-approval  process. 
Many  of  the  devices  that  we  commonly  use  were  FDA  ap- 
proved as  the  result  of  the  510(k)  process.  This  is  puzzling 
when  one  considers  that  virtually  no  device  used  today  re- 
sembles devices  used  before  1976. 

As  clinicians,  we  may  be  asked  to  participate  in  Customer 
Preference  Testing  or  clinical  protocols  involving  investigational 
devices.  These  activities  should  not  be  taken  lightly.  It  is  ex- 
tremely important  that  the  necessary  institutional  approvals 
be  obtained  and  that  the  patient  and  the  institution  be  appro- 
priately protected.  In  virtually  all  cases,  approval  of  the  IRB 
will  be  required.  The  temptation  to  naively  use  an  investigational 
device  without  proper  authorization  must  be  avoided. 

We  believe  that  the  FDA-approval  process  definitely  af- 
fects the  practice  of  respiratory  care.  It  affects  innovation;  it 
affects  how  new  devices  are  used;  and  it  affects  the  costs  of 
new  devices.  An  appropriate  balance  between  innovation  and 
regulation  is  needed.  No  one  wants  approval  of  devices  that 
are  unsafe;  likewise  no  one  wants  to  be  deprived  of  devices 
that  are  effective  but  do  not  meet  the  rigors  of  the  regulato- 
ry process.  Those  who  implement  the  regulatory  process  try 
to  avoid  approving  unsafe  devices.  However,  it  is  unfortu- 
nate but  true  that  decreasing  the  likelihood  of  approving  an 
unsafe  device  increases  the  probability  of  failing  to  approve 
a  device  that  is  safe  and  effective. 


All  medical  devices  have  some  risk — a  risk-free  device  does 
not  exist.  What  is  important  is  that  the  benefit  of  the  device 
outweigh  the  risk.  If  the  risk  threshold  is  too  low,  potential- 
ly beneficial  devices  may  not  be  approved.  The  question  then 
becomes,  who  should  determine  benefit  (ie,  effectiveness)? 
Should  this  be  a  regulatory  agency  like  the  FDA  or  should  this 
be  clinicians  and/or  industry? 

It  has  been  estimated  that  the  majority  of  medical  device 
manufacturers  have  50  or  fewer  employees,  and  that  many 
if  not  most  innovations  come  from  these  manufacturers.  What 
happens  to  innovation  if  these  small  manufacturers  cannot  af- 
ford regulation?  If  less  innovation  occurs,  is  this  good  for  res- 
piratory care? 

Is  the  Review  Process  Fair? 

Human  nature  dictates  that  two  people  given  the  oppor- 
tunity to  subjectively  review  the  same  material  may  come 
to  two  different  conclusions.  All  authors  can  attest  to  the  truth 
of  this  statement.  In  order  to  prevent  biased  review,  manu- 
scripts submitted  to  some  journals  are  blinded,  ie,  the  reviewer 
does  not  know  who  authored  the  manuscript.  The  same  is  not 
true  for  FDA  reviews.  Some  manufacturers  have  alluded  to 
unfair  treatment  by  the  FDA. 

In  a  recent  court  case,3031  the  FDA  review  process  was  put 
to  the  test.  RS  Medical  manufactured  and  marketed  a  mus- 
cle stimulator.  The  company  believed  that  they  had  an  un- 
favorable status  with  the  FDA  and  that  this  status  would  re- 
sult in  a  biased  and  unfair  review.  In  order  to  test  this  belief, 
RS  Medical  sent  two  identical  5 10(k)  applications  to  the  FDA, 
one  under  the  company's  name  and  one  using  the  name  of  a 
consultant  not  previously  affiliated  with  the  company. 

RS  Medical  filed  the  510(k)  application  on  January  30, 

1992,  and  the  consultant  filed  the  application  on  February 
10,  1992.  The  technical  documentation  was  identical.  The 
consultant's  application  was  approved  on  April  23,  1992,  after 
several  questions  had  been  answered.  The  initial  RS  Med- 
ical application  review  process  was  denied  on  January  28, 

1993.  This  occurred  despite  the  fact  that  the  submissions  were 
identical.  The  company  sued  the  FDA,  and  the  court  concluded 
that  the  FDA's  reasons  for  disapproval  were  "unreasonable 
and  arbitrary,"  and  further  ruled  that  the  FDA's  actions  con- 
stituted "bad  faith."3031 

To  be  fair,  any  two  reviewers  operating  with  the  expert  ad- 
vice of  consultants  may  not  come  to  the  same  conclusion.  When 
patient  safety  is  at  the  heart  of  the  issue,  the  reviewer  will  al- 
ways err  on  the  side  of  "do  no  harm."  However,  this  case  re- 
veals the  difficulties  and  inequities  created  by  the  current  re- 
view process.  Both  the  FDA  and  the  manufacturer  must  work 
within  the  constraints  of  impending  legal  action,  and  neither 
can  afford  to  make  a  mistake. 

One  answer  to  this  problem  may  be  the  introduction  of  user 
fees.  Under  such  a  system,  the  manufacturer  would  pay  for 
the  review  as  an  application  fee.  This  is  coupled  with  new  FDA 
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efforts  to  work  with  manufacturers  early  in  product  devel- 
opment to  help  alleviate  some  of  the  tension  between  the  two 
camps.  Phelps '"  has  suggested  that  the  user  fee  will  allow  the 
FDA  to  perform  its  job  more  effectively  and  that  we  cannot 
expect  the  FDA  to  be  both  "  scientist  and  policeman."  Un- 
fortunately, user  fees  increase  the  costs  of  product  develop- 
ment and  may  discourage  innovations  by  small  companies 
that  cannot  afford  user  fees. 

Who  Bears  the  Cost? 

The  price  of  regulation  is  passed  on  to  the  consumers  who 
paid  for  it  initially  (taxes  to  support  FDA).  The  exact  amount 
passed  on  to  the  customer  because  of  regulatory  documenta- 
tion and  testing  is  unknown,  although  several  manufacturers 
have  suggested  it  is  on  the  order  of  1 0- 1 5  % .  These  costs  are 
associated  with  functional  and  software  testing  and  the  required 
documentation.  Figure  2  shows  the  number  of  pages  of  doc- 
umentation submitted  by  Bird  Products  per  year  with  5 10(k) 
submissions.  The  recent  software  regulations  have  caused  an 
exponential  rise  that  only  promises  to  increase.  These  grow- 
ing numbers  of  pages  are  the  result  of  engineers'  perform- 
ing and  recording  the  required  testing.  Every  additional  page 
means  additional  product  costs. 


FDA  review  time  for  a  5 10(k)  submitted  by  Bird  Products  dur- 
ing the  past  several  years.  Prolonged  reviews  increase  the 
amount  of  time  it  takes  for  a  product  to  come  to  market  and 
likewise  increase  costs. 


1986  1987  1988  1989  1990  1991   1992  1993 


Fig.  3.  Time  from  submittal  to  approval  of  510(k)  applications  by 
Bird  Products  Corporation  over  the  past  8  years.  (From  corporate 
records,  courtesy  of  Bird  Products  Corporation). 


In  Conclusion 


1986  1987  1988  1989  1990  1991   1992  1993 


Fig.  2.  Number  of  pages  submitted  with  510(k)  applications  by  Bird 
Products  Corporation  over  the  past  8  years.  (From  corporate 
records,  courtesy  of  Bird  Products  Corporation). 


Of  course  from  the  FDA  side,  additional  pages  mean  addi- 
tional work  and  longer  review  times.  In  the  1993  ODE  report, ,: 
this  problem  was  highlighted.  In  1992,  the  average  FDA  re- 
view time  for  a  PMA  was  146  days;  in  1993.  it  was  328  days. 
The  average  time  for  approval  of  a  PMA  was  437  days.  In 
1993.  the  average  review  time  for  a  5  l()(k)  submission  was 
195  days,  up  nearly  %)</<  from  1992. 

These  time  increases  arc  attributed  to  the  new  GMP  rules 
and  changes  in  FDA  regulations.  Figure  3  shows  the  average 


There  is  no  doubt  that  the  problem  of  how  best  to  intro- 
duce and  test  innovations  for  mechanical  ventilation  is  mul- 
tifaceted.  The  FDA  is  expected  to  provide  the  American  peo- 
ple with  100%  safety  in  a  prompt  and  inexpensive  manner. 
Manufacturers  are  likewise  expected  to  produce  safe,  eco- 
nomical, and  effective  devices.  However,  the  current  burden 
on  the  FDA  and  lack  of  funds  from  Congress  make  this  an 
implausible  combination.  It  appears  clear  that  the  review  pro- 
cess and  the  degree  of  documentation  require  streamlining. 
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Introduction 

Innovations  in  mechanical  ventilation  can  come  both  from 
new  engineering  designs  and  from  new  applications  of  ex- 
isting designs.1-2  New  designs  can  range  from  simple  fea- 
tures, such  as  flow-triggering  and  inspiratory  pressure-slope 
adjusters  to  completely  new  approaches  to  ventilatory  sup- 
port such  as  high-frequency  and  liquid  ventilation.  Exam- 
ples of  new  applications  include  inverse-ratio  ventilation, 
stand-alone  pressure-support  ventilation,  and  applied  end- 
expiratory  positive  pressure  (PEEP)  to  reduce  the  inspira- 
tory triggering  load  induced  by  air  trapping  in  obstructive 
lung  disease.  Regardless  of  the  innovation,  the  claims  of  ben- 
efit by  the  manufacturer  or  the  clinician  should  be  verified 
through  efficacy  assessment. 

Innovation  Claims  &  Levels  of  Efficacy  Testing 

An  innovation  is  designed  to  provide  a  benefit,  and  es- 
tablishing the  presence  of  that  benefit  provides  the  basis  for 
claim  by  the  manufacturer  or  clinician-innovator.  This  claim 
is  usually  one  of  three  types:  (a)  engineering — a  claim  stat- 
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ing  that  the  innovation  improves  technical  performance,  ease 
of  operation,  or  cost  of  operation;  (b)  physiologic — a  claim 
stating  that  the  innovation  improves  an  intermediate  physi- 
ologic variable  in  the  patient,  such  as  gas  exchange  or  patient 
work;  (c)  outcome — a  claim  stating  that  the  innovation  af- 
fects an  important  clinical  outcome.  Because  efficacy  as- 
sessment focuses  on  the  claim,  there  are  also  three  levels  of 
efficacy  assessment  criteria.  These  levels  differ  in  their  cost, 
complexity,  and  relationship  to  the  actual  innovation's  func- 
tion (Table  1 ). 

Level  I:  Engineering  &  Clinical  Performance 
Assessment 

Engineering  testing  involves  specific  laboratory  evalu- 
ation of  an  innovation's  performance  using  computer  or  me- 
chanical models.  With  this  approach,  engineering  specifica- 
tions can  be  validated  and  reliability  can  be  established.  A 
clinical  performance  evaluation  provides  a  similar  function 
because  it  focuses  on  the  specific  performance  character- 
istics of  the  innovation  in  the  clinical  setting.  Subjective  im- 
pressions of  the  innovation  may  also  be  determined.  This 
form  of  evaluation  is  inexpensive  and  innovation  specific 
but  does  not  provide  information  to  evaluate  any  substan- 
tial clinical  benefits.  Clinical  efficacy  can  only  be  inferred 
from  this  form  of  assessment.  Also,  unanticipated  safety  is- 
sues cannot  be  assessed. 

Level  II:  Physiologic  Assessment 

This  testing  considers  clinical  variables  that  can  be  read- 
ily assessed  as  the  innovation  is  applied  and  used.  Examples 


968 


Respiratory  Care  •  September  '95  Vol  40  No  9 


Risk  &  Cost  Criteria 


Table  1 .      Efficacy  Assessment  Criteria 


Test  Results  Assess 

Test  Results  Directly  Attributed 

Criterion  Type 

Cost/Complexity 

Clinical  Outcome 

to  the  Innovation's  Function 

I.    Engineering,  clinical 

Low 

No 

Yes-by  definition 

technical  performance 

II.    Physiologic  variable 

Moderate 

Outcome  effect  is  inferred 

Yes-if  criterion  is  focused  on  expected  benefits 

III.    Clinical  outcome 

High 

Yes-by  definition 

A  technical  innovation  may  have  limited  impact  on 
overall  clinical  outcome 

relative  to  mechanical  ventilation  include  gas  exchange,  res- 
piratory mechanics,  patient  work,  and  cardiovascular  func- 
tion. The  specific  selection  is  usually  based  on  anticipated 
mechanisms  of  benefit  or  risk  and  should  also  have  some  rea- 
sonable link  to  outcome  (ie,  an  outcome  "surrogate").34  These 
assessments  are  generally  more  expensive  because  clinical 
protocols  are  required.  Any  effect  on  clinical  outcome,  how- 
ever, can  only  be  inferred  from  the  physiologic  variables  as- 
sessed. Moreover,  long-term  safety  issues  cannot  be  addressed. 

Level  III:  Clinical  Outcome  Assessment 

This  testing  is  conducted  over  longer  periods  of  time  to 
determine  whether  an  innovation  actually  has  an  impact  on 
important  clinical  outcomes.3-5  While  the  most  important  out- 
come is  a  change  in  attributable  deaths  (ie,  an  increase  or  de- 
crease in  mortality),  other  clinically  relevant  outcomes  could 
be  a  lower  complication  rate  or  less  ventilator  time  required.3  5 
The  advantage  of  this  type  of  assessment  is  that  an  important 
clinical  outcome  can  be  strong  justification  for  adoption  or 
rejection  of  the  innovation.  However,  these  assessments  are 
complex  and  expensive,  usually  involving  randomized  clin- 
ical trials.  Moreover,  because  mortality  and  other  important 
clinical  outcomes  are  affected  by  many  other  factors,  a  ben- 
eficial effect  of  the  innovation  may  not  be  detectable  in  even 
a  relatively  large  clinical  trial. 

Selecting  Claims  &  Consequent  Level  of  Assessment 

As  noted  earlier,  claims  and  the  consequent  level  of  efficacy 
assessment  can  range  from  the  simple  bench  test  to  complex 
clinical  trials.  Choosing  the  appropriate  claim  and  assessment 
level  should  depend  both  on  the  perceived  benefit  and  on  the 
risks  and  costs  of  the  innovation.  The  innovator's  desired  ad- 
vertising and  labeling  statements  dictate  to  a  large  extent  the 
specific  level  of  claim  and  efficacy  assessment  required.  Risks 
and  costs,  however,  are  equally  important  because  they  dic- 
tate the  minimum  level  of  claim  and  efficacy  assessment  that 
is  required. 

Risks 

Regulatory  approval  and  clinician  liability  protection  de- 
pend upon  assessing  a  claim  for  efficacy  with  respect  to  the 


potential  risk.6"10  The  risk  of  the  innovation  is  the  risk  remaining 
when  the  risk  of  'standard'  mechanical  ventilatory  support 
has  been  removed.  Clinicians  may  not  anticipate  every  risk 
prior  to  innovation  evaluation,  although  experienced  clini- 
cians should  be  able  to  foresee  most  of  them. 

Risk  can  be  categorized  in  a  variety  of  ways  but  a  three- 
level  approach  is  a  practical  way  that  can  be  used  by  regu- 
latory agencies.  (Personal  communication,  Douglas  DeVries, 
Bird  Products  Corp,  from  FDA  Guidelines,  April  1995.)  With 
this  approach,  risks  are  categorized  as  minor  (harm  possible, 
but  morbidity  unlikely  to  change),  moderate  (harm  possible, 
but  mortality  unlikely  to  change),  and  major  (harm  possible 
and  mortality  could  be  affected).  The  minimal  level  of  claim 
and  efficacy  assessment  required  should  be  related  to  this  risk 
(Table  2).  For  instance,  an  innovation  designed  to  produce 
a  technical  performance  improvement,  a  human  interface  im- 
provement, or  a  cost  improvement  need  only  be  evaluated 
for  engineering  specification  if  risks  are  virtually  nonexis- 
tent or  minor.  An  innovation  designed  to  provide  a  benefit 
such  as  improved  oxygenation  or  reduced  ventilation  pres- 
sures could  be  appropriately  evaluated  with  only  physiologic 
testing  if  the  risks  were  moderate.  However,  a  claim  with  ap- 
propriate efficacy  testing  for  an  important  clinical  outcome 
benefit  would  be  necessary  if  the  innovation  might  be  as- 
sociated with  major  risk. 

Table  2.      Efficacy  Criteria  Selection  for  Regulators 


Risk 


Claims/Efficacy  Criteria 


Minor  Engineering  claims  with  Level-I  efficacy  criteria* 

Moderate        Physiologic  claims  with  Level-II  efficacy  criteria 
Major  Clinical  outcome  claims  with  Level-Ill  efficacy  criteria 


1  Levels  are  identified  in  Table  1. 


Costs 

The  cost  of  the  innovation,  although  not  important  in  es- 
tablishing risk-benefit  ratios  for  regulatory  and  liability  con- 
cern." is  important  in  establishing  the  appropriateness  of  re- 
imbursement and,  thus,  widespread  clinical  use.12'14  This  cost 
is  the  ultimate  cost  passed  on  to  the  patient/payer  and  includes 
not  only  the  equipment  itself  but  also  the  cost  of  maintenance, 
supplies,  personnel,  and  liability  protection.  From  the  reim- 
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bursement  perspective,  a  low-cost  innovation  might  be  jus- 
tified by  demonstrating  only  engineering  advantages,  subjective 
preferences,  clinical  experience,  or  even  theoretical  consid- 
erations. On  the  other  hand,  an  expensive  innovation,  even 
though  it  satisfies  regulatory  concerns  with  only  engineering 
or  physiologic  assessment,  should  require  legitimate  clinical 
outcome  data  to  justify  its  widespread  application.  With  re- 
gard to  reimbursement,  then,  efficacy  must  be  assessed  rel- 
ative to  cost. 

Categorizing  costs  is  difficult,  but  many  institutions  use 
a  three-level  system  to  determine  the  level  of  approval  nec- 
essary for  an  innovation  to  be  purchased  (Table  3).  For  ex- 
ample, an  innovation's  cost  would  be  considered  low  if  the 
budgetary  impact  is  <  1%,  moderate  if  the  budgetary  impact 
is  \-59c.  and  high  if  the  budgetary  impact  is  >5%.  With  this 
cost  structure  in  force,  use  of  low-cost  innovations  could  be 
reimbursed  with  only  engineering  claims  and  efficacy  assess- 
ment, use  of  innovations  of  low  or  moderate  cost  could  be 
reimbursed  with  physiologic  claims  and  efficacy  assessment, 
and  high-cost  innovations  could  be  reimbursed  only  with  out- 
come claims  and  efficacy  assessment.  Innovations  that  sat- 
isfy regulatory  or  liability  concerns  with  lower-level  efficacy 
assessment  may  thus  have  to  use  a  higher-level  efficacy  as- 
sessment to  justify  reimbursement. 

Table  3.      Efficacy  Criteria  Selection  for  Payers 


Estimated  Risk  and  Cost  Categories  of  Several  Recent 
Innovations  (Survey  of  RESPIRATORY  Care  Editorial  Board) 


Cost 


Claims/Efficacy  Criteria 


Low  Engineering  claims  with  Level-I  efficacy  criteria* 

Moderate        Physiologic  claims  with  Level-II  efficacy  criteria 
High  Outcome  claims  with  Level-Ill  efficacy  criteria 


'  Levels  are  identified  in  Table  1 . 


Applications 

To  illustrate  the  range  of  risks  and  costs  associated  with 
recent  innovations  in  mechanical  ventilation,  I  surveyed  mem- 
bers of  the  of  the  RESPIRATORY  Care  Editorial  Board  (n  = 
8)  in  January  1994.  They  were  asked  to  come  to  consensus 
on  the  categories  of  risk  and  costs  of  a  number  of  recent  inno- 
vations, using  a  three-level  scoring  system.  The  results  are 
presented  in  Table  4  and  show  the  range  of  risks  and  costs 
associated  with  these  innovations. 

Conclusions 

Efficacy  assessment  is  required  for  all  innovations  to  sat- 
isfy clinical,  regulatory,  liability,  and  reimbursement  concerns. 
Efficacy  assessment  can  be  done  in  a  number  of  ways  using 
a  variety  of  criteria  that  can  range  from  the  simple  and  in- 
expensive engineering  test  to  the  complex  and  expensive  ran- 
domized clinical  trial.  The  purpose  of  efficacy  assessment  is 
to  validate  a  claim  through  hypothesis  testing.  This  claim  for 


Consensu; 

Opinion 

Innovation 

Risk 

Cost 

Pressure-slope  adjustment 

Minor 

Low 

Inverse-ratio  ventilation 

Major 

Low 

Tracheal  gas  insufflation 

Moderate 

Moderate 

Proportional-assist  ventilation 

Moderate 

Moderate 

Extracorporeal  respiratory  support 

Major 

High 

Flow-triggering 

Minor 

Low 

High-frequency  ventilation 

Major 

High 

Esophageal  pressure  monitoring 

Minor 

Moderate 

the  innovation  is  the  basis  for  the  'ultimate'  marketing  of  the 
innovation,  either  by  the  manufacturer  or  by  the  clinician-in- 
novator. Efficacy  assessment  for  a  claim  that  an  inexpensive 
device  has  a  faster  response  time  needs  only  an  engineering 
test  to  validate  it,  whereas  a  claim  that  an  expensive  innovation 
reduces  mortality  needs  a  clinical  trial.  In  selecting  the  min- 
imal claim  and  the  assessment  required,  risk  and  cost  must 
be  considered.  Risk  assessment  must  be  used  to  evaluate  the 
claim  for  regulatory  and  liability  concerns.  Cost  assessment 
must  be  used  to  evaluate  the  claim  for  payer  concerns. 
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Introduction 

In  the  past,  many  features  on  mechanical  ventilators  were 
introduced  by  manufacturers  without  rigorous  assessment  of 
their  tolerance  by  patients  or  their  physiologic  consequences. 
We  believe  that  all  innovations  should  be  subjected  to  cer- 
tain minimal  evaluation  before  their  introduction  into  clin- 
ical practice.  This  evaluation  should  focus  on  intermediate 
end  points  based  on  the  goals  of  ventilator  support,  namely 
relief  of  respiratory  distress,  reduction  in  the  work  of  breath- 
ing, improvement  in  pulmonary  gas  exchange,  and  reversal 
of  respiratory  muscle  fatigue.1 

Measuring  Physiologic  End  Points 

Dyspnea 

Although  reduction  in  respiratory  distress  is  one  of  the  major 
goals  of  mechanical  ventilation,  it  is  interesting  that  few  in- 
vestigators have  examined  its  efficacy  in  this  regard.  In  a  sys- 
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tematic  study  in  ventilator-dependent  patients,  Knebel  et  al2 
found  that  dyspnea  remained  largely  unchanged  as  the  lev- 
els of  pressure  support  ventilation  (PSV)  and  intermittent 
mandatory  ventilation  (IMV)  were  each  varied.  This  is  sur- 
prising because  investigators  have  convincingly  demonstrated 
large  reductions  in  the  work  of  breathing  as  PSV  is  increased.1 4 
The  findings  of  Knebel  et  al2  suggest  that  dyspnea  is  poor- 
ly correlated  with  work  of  breathing  in  ventilator-dependent 
patients.  An  alternative — and  perhaps  more  likely — expla- 
nation is  that  the  absence  of  change  reflects  the  extreme  dif- 
ficulty in  obtaining  accurate  and  reliable  measurements  of 
dyspnea  in  intubated,  critically  ill  patients.  Satisfactory  com- 
munication with  these  patients  is  particularly  difficult,  and 
one  would  wish  to  have  a  simultaneous  assessment  of  cog- 
nitive function  because  impairment  of  the  latter  may  result 
in  misleading  ratings  of  dyspnea.  Support  for  this  notion  is 
provided  by  Keilty  et  al,5  who  studied  ambulatory  patients 
with  severe  chronic  obstructive  pulmonary  disease  (COPD) 
while  they  were  exercising  on  a  treadmill  and  receiving  PSV 
by  face  mask.  Their  patients  reported  a  systematic  reduction 
in  dyspnea  with  PSV.  and  the  median  distance  walked  was 
increased  by  62%. 

Work  of  Breathing 

Measurement  of  work  of  breathing  is  an  important  objective 
means  of  evaluating  the  efficacy  of  innovations  in  ventila- 
tor support.6  Accurate  measurement  requires  close  attention 
to  detail;  in  the  past,  many  important  components,  such  as  in- 
spiratory elastic  work  [including  that  due  to  auto-,  or  intrinsic, 
positive  end-expiratory  pressure  (PEEP,)]  and  expiratory  work. 
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have  been  omitted.  The  importance  of  PEEPj  in  this  regard 
is  illustrated  by  data  obtained  by  Coussa  et  al7  in  patients  with 
COPD  receiving  controlled  mechanical  ventilation.  They  found 
that  work  resulting  from  PEEP,  accounted  for  about  one  third 
of  total  inspiratory  work.  Static  work  was  about  twofold  greater 
in  the  patients  with  COPD  than  in  healthy  control  subjects, 
and  the  difference  between  the  two  groups  was  almost  com- 
pletely explained  by  PEEPj.  Based  on  these  findings,  it  is  ev- 
ident that  a  patient  may  continue  to  perform  a  substantial 
amount  of  inspiratory  work  if  he  or  she  is  being  managed  using 
a  ventilator  mode  that  does  not  decrease  PEEP,.  Thus,  if  a  ven- 
tilatory innovation  is  being  introduced,  its  effect  on  PEEP; 
should  be  systematically  evaluated  before  its  use  in  clinical 
practice  becomes  widespread. 

An  important  limitation  of  assessment  of  respiratory  work 
is  that  the  measurements  underestimate  energy  expenditure 
during  isometric  or  quasi-isometric  muscle  contractions.6  To 
circumvent  this  problem,  many  investigators  have  measured 
pressure-time  product  (PTP).  This  is  calculated  as  the  time 
integral  of  the  difference  between  pleural  pressure  (or 
esophageal  pressure,  Pes)  and  recoil  pressure  of  the  chest  wall. 
The  latter  is  typically  measured  in  a  completely  relaxed  pa- 
tient receiving  a  controlled  breath  with  tidal  volume  and  flow 
settings  that  are  identical  to  the  assisted  breath.6  This  can  be 
achieved  satisfactorily  during  assist-control  ventilation  and 
IMV,  but  a  problem  arises  during  PSV  because  lung  volume 


and  flow  vary  from  breath  to  breath  in  this  mode.  To  over- 
come this  problem,  our  group8  developed  a  modified  method 
of  calculating  PTP.  We  first  estimated  the  recoil  pressure  of 
the  chest  wall  on  a  breath-by-breath  basis  by  multiplying  chest- 
wall  elastance  (previously  measured  during  controlled  me- 
chanical ventilation)  by  lung  volume.  Then,  PTP  was  calculated 
as  the  time  integral  of  the  difference  between  the  Pes  tracing 
and  the  recoil  pressure  of  the  chest  wall.  However,  an  element 
of  uncertainty  exists  with  the  measurement  of  PTP  because 
the  rapid  decrease  in  Pes  before  the  onset  of  inspiratory  flow 
may  result  from  inspiratory  muscle  activity  needed  to  over- 
come the  threshold  load  imposed  by  dynamic  hyperinflation, 
and/or  cessation  of  expiratory  muscle  activity.  To  deal  with 
this  issue,  we8  calculated  upper  and  lower  bounds  of  inspi- 
ratory PTP.  which  include  the  entire  possible  range  of  mus- 
cular activity  (Fig.  1 ),  and  also  performed  analogous  calcu- 
lations to  calculate  upper  and  lower  bounds  of  expiratory  PTP. 
Patients  with  COPD  showed  a  marked  and  progressive  de- 
crease in  inspiratory  PTP  as  PSV  was  increased  from  5  to  20 
cm  HiO,  but  the  response  among  patients  was  quite  variable — 
with  a  coefficient  of  variation  of  60-90%. 8  PEEPj  was  4.8  cm 
HiO  during  unassisted  breathing  and  this  did  not  change  as 
PSV  was  increased.  As  a  result,  PEEPj  accounted  for  63%  of 
inspiratory  PTP  at  PSV  of  20  cm  HiO.  This  is  about  twice 
the  value  reported  by  Coussa  et  al,7  probably  because  the  pa- 
tients in  the  latter  study  were  sedated  and  paralyzed,  where - 


2  4 
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2  4 

Time  (seconds) 


Fig.  1.  Tracings  of  esophageal  pressure  (Pes. )  and  estimated  recoil  pressure  of  the  chest  wall  (Pescw, )  in  a  patient  receiving 

pressure  support  ventilation.  A.  Pressure  tracings  have  been  superimposed  so  that  Pescw  is  equal  to  Pes  at  the  onset  of  the  first  inspirato- 
ry effort,  and  the  integrated  difference  (hatched  area)  represents  upper-bound  inspiratory  pressure-time  product  (PTPmSp)-  B.  Pressure 
tracings  have  been  superimposed  so  that  Pescw  is  equal  to  Pes  at  the  first  moment  of  transition  from  expiratory  to  inspiratory  flow,  and  the 
integrated  difference  (hatched  area)  represents  lower-bound  PTPjnsp.  C.  Pressure  tracings  have  been  superimposed  so  that  Pescw  is 
equal  to  Pes  at  the  second  moment  of  transition  from  expiratory  to  inspiratory  flow,  and  the  integrated  difference  (hatched  area)  represents 
upper-bound  expiratory  pressure-time  product  (PTPexp),  D.  Pressure  tracings  have  been  superimposed  so  that  Pescw  is  equal  to  Pes  at  the 
onset  of  the  second  inspiratory  effort,  and  the  integrated  difference  (hatched  area)  represents  lower-bound  PTPexp  (Reproduced  from 
Reference  8,  with  permission) 
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as  the  patients  in  our  study8  were  triggering  the  ventilator,  and 
many  had  evidence  of  expiratory  effort.  Measurement  of  ex- 
piratory PTP  revealed  increased  expiratory  effort  in  many  pa- 
tients, especially  at  higher  levels  of  PS V.8  Moreover,  sever- 
al patients  displayed  expiratory  muscle  activation  during  the 
late  inflation  phase,  indicating  that  the  patient  was  'fighting' 
the  ventilator  (Fig.  2).  This  was  more  common  in  patients  who 
had  elevated  time  constants  and  who  would  have  required  more 
time  for  inspiratory  flow  to  fall  to  the  threshold  value  required 
for  termination  of  inspiratory  assistance  by  the  ventilator  (in 
this  case,  25%  of  peak  inspiratory  flow).  These  patients  ini- 
tiated expiratory  neuronal  activity  while  the  ventilator  was 
still  inflating  the  thorax,  resulting  in  expiratory  muscle  ac- 
tivity and  patient-ventilator  asynchrony. 


Time  (seconds) 

Fig.  2.  Tracings  of  esophageal  pressure  (Pes, )  and  estimated 

recoil  pressure  of  the  chest  wall  (PesCw, )  in  a  patient  receiving 

pressure  support  ventilation  of  20  cm  H20.  Pressure  tracings  have 
been  superimposed  so  that  Pescw  is  equal  to  Pes  at  the  onset  of 
the  rapid  fall  in  Pes  during  late  expiration.  Times  at  which  the  Pes 
tracing  are  higher  than  Pescw  represents  lower-bound  expiratory 
effort.  Note  the  presence  of  expiratory  muscle  activation  during 
late  inspiration.  (Reproduced  from  Reference  8,  with  permission) 

Pulmonary  Gas  Exchange 

Assessment  of  the  effect  of  a  ventilatory  mode  on  pulmonary 
gas  exchange  is  usually  based  on  analysis  of  arterial  blood. 
Assessment  is  particularly  important  when  a  radical  change 
in  ventilatory  technique,  such  as  high-frequency  ventilation, 
is  being  introduced.  It  should  be  stressed  that  a  satisfactory 
level  of  arterial  oxygen  tension  does  not  guarantee  satisfac- 
tory tissue  oxygenation,9  and  direct  measurements  of  oxygen 
delivery  are  preferred. 

Muscle  Fatigue 

Respiratory  muscle  fatigue  is  a  major  concern  in  ventilator- 


supported  patients,  because  respiratory  muscle  rest  is  the  major 
means  of  reversing  fatigue.'"  However,  we  still  do  not  have 
definitive  data  demonstrating  the  presence  of  fatigue  in  such 
patients — although  indirect  evidence,  such  as  an  increased 
tension-time  index,  suggests  its  development.  Using  mea- 
surements of  tension-time  index,  Marini  et  al"  found  that  IMV 
may  predispose  to  the  development  of  muscle  fatigue  or  pre- 
vent its  reversal.  (These  findings  were  made  almost  20  years 
after  the  introduction  of  this  ventilatory  mode  to  clinical  use.) 
The  ideal  way  to  study  muscle  fatigability  is  by  the  construction 
of  a  force-frequency  curve;10  however,  this  is  a  difficult  and 
painful  technique  and  of  doubtful  applicability  in  the  criti- 
cal care  setting.  A  new  approach,  twitch  stimulation  of  the 
phrenic  nerves  (especially  using  a  magnetic  stimulator),  looks 
more  promising,1--13  and  we  await  studies  with  this  technique 
in  ventilator-supported  patients.  One  aspect  of  muscle  fatigue 
that  is  particularly  relevant  to  evaluation  of  different  venti- 
latory modes  is  the  long  time  period  required  for  its  reversal — 
more  than  24  hours.14  It  would  be  interesting  to  know  whether 
different  ventilatory  modes  can  influence  the  rate  and  extent 
of  recovery  from  muscle  fatigue. 

Issues  in  Study  Design 

A  final  aspect  of  the  use  of  physiologic  end  points  in  the  eval- 
uation of  ventilatory  innovations  is  the  need  for  careful  design 
of  such  studies.  The  control-comparison  state  needs  to  be  care- 
fully selected;  possible  options  include  unassisted  breathing, 
controlled  mechanical  ventilation,  or  an  accepted  mode  of  as- 
sisted ventilation,  depending  on  the  question  under  investigation. 
Other  physiologic  variables  need  to  be  carefully  controlled  in 
such  an  evaluation.  For  example,  when  comparing  inverse-ratio 
ventilation  with  a  conventional  mode,  the  level  of  PEEP,  needs 
to  be  controlled.15  Also,  the  timing  of  the  measurements  may 
be  important,  because  some  modes  may  result  in  progressive 
recruitment  of  lung  units  over  time.16  Finally,  the  outcomes  of 
the  physiologic  studies  need  to  be  verified  by  studies  of  long- 
term  outcome,  especially  in  the  case  of  high-risk  or  high-cost 
innovations.  Some  innovations  display  apparent  advantages  when 
evaluated  using  intermediate-outcome  variables  but  do  not  re- 
sult in  improved  long-term  outcome  when  subsequently  assessed 
with  randomized,  controlled  clinical  trials.17 

In  Summary 

It  is  our  view  that  new  ventilatory  methods  should  be  with- 
held from  clinical  practice  until  there  has  been  adequate  evalu- 
ation of  their  effect  on  physiologic  variables  and  the  link  to 
long-term  outcomes  has  been  established.  In  the  past,  premature 
and  over-enthusiastic  acceptance  of  ventilatory  strategies  may 
have  resulted  in  patient  discomfort  and  even  harm,  and  this 
can  be  minimized  by  a  more  careful  evaluation  of  the  physio- 
logic effects  of  such  innovations  before  their  acceptance  into 
clinical  practice. 
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Introduction 

It  is  important  to  observe  the  effects  of  mechanical  ven- 
tilation innovations  on  physiologic  variables.  However,  our 
limited  understanding  of  the  impact  of  alteration  of  a  phys- 
iologic variable  on  ultimate  clinical  outcome  indicates  the 
need  for  assurance  that  the  affected  variable  is  clinically  rel- 
evant. When  the  innovation  is  moderate  or  high  risk,  a  multi- 
center  trial  is  typically  required  because,  as  seen  in  Figure 
l,1  large  numbers  of  patients  (typically.  300-800  patients) 
are  needed  to  ascertain  differences  in  clinically  relevant  vari- 
ables. The  benefit  of  low-risk  innovations  may  be  adequately 
demonstrated  using  only  physiologic  variables  in  relative- 
ly small  clinical  trials  because  their  use  is  determined  pri- 
marily by  market  influences.  It  should  be  remembered,  how- 
ever, that  many  interventions  initially  thought  to  be  low  risk, 
such  as  high  oxygen  concentrations  and  high  peak  inspira- 
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tory  pressures,  are  now  thought  to  put  the  patient  at  risk  for 
long-term  sequelae.  Therefore,  the  utilization  of  even  these 
lost-cost,  low-risk  innovations  that  have  been  shown  to  im- 
pact only  on  physiologic  variables  should  be  proven  to  be 
safe  prior  to  general  use. 

The  use  of  cost  criteria  to  define  rigor  of  proof  of  clini- 
cal effectiveness  is  less  clear.  If  moderate-cost  or  high-cost 
items  are  likely  to  be  used  regardless  of  degree  of  proof  of 
clinical  effectiveness,  then  one  could  argue  for  the  same  re- 
quirements expected  for  moderate-  or  high-risk  innovations. 
If  the  market  determines  use,  then  less  stringent  requirements 
might  be  required  to  make  the  innovation  available  for  use. 
This  is  especially  true  in  managed  care.  In  managed  care,  these 
innovations  are  less  likely  to  be  used  unless  they  are  perceived 
to  impact  strongly  on  clinical  outcomes  or  cost,  independent 
of  whether  clinically  relevant  end  points  were  used  in  research 
studies.  The  establishment  of  credible  national  committees 
of  experts  could  publish  recommendations  for  use  or  non-use 
of  low-risk  innovations  that  have  been  proven  safe  and  ef- 
fective based  on  physiologic  variables  only. 

In  this  paper,  I  address  the  use  of  clinical-outcome  end  points 
in  the  evaluation  of  mechanical  ventilation  innovations  for 
respiratory  failure.  Although  some  philosophical  and  prospec- 
tive-data guidance  exists  in  the  medical  literature,  very  lit- 
tle specifically  addresses  acute  respiratory  distress  syndrome 
(ARDS).2-1  Moreover  it  is  important  to  realize  when  discussing 
these  concepts  that  virtually  none  of  the  innovations  in  me- 
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Percent  Change 

Fig.  1.  Nomogram  for  calculating  sample  size  for  a  study  having  a 
significance  of  a  =  0.05  (2-sided)  and  /3  =  0.2  (1 -sided).  The  vertical 
axis  gives  sample  size  for  each  group;  the  horizontal  axis  gives  the 
percent  change  that  can  be  detected.  The  diagonal  isopleths  re- 
flect control  group  behavior  (mortality,  for  example),  "x"  and  "y"  are 
examples.  Example  x  indicates  that  375  patients  in  each  study 
group  are  required  to  detect  a  25%  reduction  in  mortality  in  a  popu- 
lation having  a  baseline  40%  mortality  (ie,  mortality  decrease  from 
40  to  30%).  Example  y  indicates  that  94  patients  in  each  study 
group  would  be  required  to  find  a  50%  reduction  in  mortality  in  a 
population  having  a  baseline  40%  mortality  (ie,  mortality  decrease 
from  40  to  20%).  As  can  be  seen,  the  smaller  the  expected  mortal- 
ity, the  greater  the  sample  size  required  to  find  the  effect.  (Adapted 
from  Reference  1,  with  permission) 


chanical  ventilation  perceived  as  important  over  the  last  3 
decades  (eg,  PEEP,  IMV,  pressure  support)  have  been  sub- 
jected to  a  carefully  controlled  outcome  study. 

Considerations  in  Choosing  End  Points 

Beneficial  effects  of  innovative  mechanical  ventilatory  ther- 
apy are  expected  to  be  exerted  through  improvements  in  the 
physiologic  status  of  the  patient.  Because  these  physiolog- 
ic improvements  may  be  counteracted  by  anticipated  or  unanti- 
cipated deterioration  in  other  physiologic  variables  (either  pul- 
monary or  nonpulmonary)  or  may  indeed  be  irrelevant  to  the 
patient's  long-term  hospital  course,  physiologic  end  points 
are  often  classified  as  'soft.'  However,  improvements  in  such 
physiologic  end  points  are  critical  in  determining  which  of 
many  innovative  interventions  should  be  entered  into  clin- 
ical testing  for  proof  of  'harder'  end  points. 

Morbidities  that  have  been  proven  or  accepted  to  corre- 
late with  mortality,  quality  of  life,  or  cost  savings  (so  called 


'hard  end  points' )  should  be  considered  as  appropriate,  clini- 
cally relevant  end  points  for  moderate-  or  high-risk  mechanical 
ventilation  innovations. 

Mortality  as  an  End  Point 

A  predetermined  degree  of  change  in  mortality  is  the  ul- 
timate end  point  that  is  generally  accepted  by  all,  if  it  is  proven 
to  have  statistical  significance.  All-cause  mortality  is  most 
appropriate,  as  opposed  to  pulmonary-related  mortality,  due 
to  the  problems  with  blinding.  Because  innovations  in  mechan- 
ical ventilation  are  difficult  or  impossible  to  blind,  significant 
chance  exists  for  introducing  observer  bias  in  judging  cause 
of  death  (pulmonary  versus  nonpulmonary)  in  that  circum- 
stance. Even  if  the  study  can  be  blinded,  it  may  be  difficult 
to  precisely  judge  cause  of  death  in  many  patients,  thereby, 
introducing  the  possibility  of  sample  imbalance.5 

A  mortality  end  point  has  important  sample  size  consid- 
erations. In  genera],  adequate  sample  size  for  a  mortality-end- 
point  study  involving  a  mechanical  ventilation  innovation  de- 
pends upon  the  relationship  of  the  innovation's  effect  on  lung 
function  to  ultimate  mortality.  The  weaker  this  relationship, 
the  larger  the  sample  size  required  (Fig.  1 ).' 

In  some  diseases,  such  as  status  asthmaticus.  the  prima- 
ry morbidity  and  the  mortality  of  the  disease  are  directly  cor- 
related with  the  degree  of  impairment  in  lung  function.  In  such 
diseases,  it  is  reasonable  to  assume  that  improvements  in  lung 
function  tightly  correlate  with  improvements  in  mortality.  This 
mortality  improvement  should  be  demonstrable  in  a  clinical 
trial  of  moderate  size  if  the  anticipated  mortality  is  high  enough 
among  the  targeted  patient  population.  Unfortunately,  most 
patients  with  life-threatening  respiratory  failure  also  have  other 
organ  failure  that  can  be  fatal  independent  of  the  lung  disease.6 
For  example,  in  ARDS,  pulmonary-related  mortality  is  thought 
to  be  15-20%.  That  is  not  to  say  that  mechanical  ventilation 
issues  might  not  have  positive  or  negative  impact  on  nonpulmo- 
nary causes  of  death  (for  example,  those  that  can  be  related 
to  prolonged  mechanical  ventilation).  Thus,  a  mechanical  ven- 
tilation innovation  that  is  truly  beneficial  in  improving  lung 
function  may  not  statistically  reduce  mortality  in  a  condition 
(such  as  ARDS)  unless  large  numbers  of  patients  are  enrolled 
because  of  its  inability  to  affect  the  predominantly  nonpul- 
monary deaths. 

Therefore,  the  proof  of  clinical  utility  by  evaluation  of  mor- 
tality in  patient  populations  in  which  the  lung  is  one  of  sev- 
eral involved  organ  systems  is  problematic.  Thus,  there  is  the 
probability  of  not  showing  a  statistically  significant  benefit 
on  mortality  when  one  does  exist  (ie.  a  /J error)  due  to  inad- 
equate power  of  the  study  (failing  to  enroll  a  sufficiently  large 
number  of  patients).  If  there  is  a  physiologic  benefit  that  de- 
creases mortality  in  patients  who  were  destined  to  live  or  die 
based  on  lung  function,  it  might  only  be  proven  in  two  circum- 
stances when  patients  with  disease  frequently  characterized 
by  multiple  organ  dysfunction  are  studied:  ( I )  enrolling  huge 
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numbers  of  patients  to  avoid  a  j3  error;  and  (2)  limiting  the 
patient  enrollment  to  only  those  patients  without  other  organ 
system  dysfunction. 

Both  of  these  approaches  make  the  study  excessively  long 
and/or  involve  many  more  investigative  sites.  In  either  case, 
there  is  an  important  disincentive  to  public  or  private  fund- 
ing of  such  a  trial  due  to  excessive  cost  at  a  time  when  fund- 
ing for  clinical  research,  over  all,  is  tenuous.7  In  addition, 
if  a  large  number  of  sites  are  used,  the  expected  lower  en- 
rollment at  each  site  may  increase  the  chance  of  sample  im- 
balance due  to  differences  in  types  of  patients  and  the  ap- 
proach to  treatment  for  respiratory  failure  among  sites.  If 
enrollment  is  restricted  to  a  subsample  of  the  disease  pro- 
cess likely  to  die  from  pulmonary  causes,  an  additional  prob- 
lem may  be  the  lack  of  ability  to  generalize  benefit  once 
it  is  proven. 

Alternatives  to  Mortality  as  an  End  Point 

Morbidity 

Situations  in  which  a  morbidity  end  point  may  be  used 
as  a  substitute  for  mortality  end  point  include:  ( 1 )  the  mor- 
bidity end  point  is  proven  or  generally  accepted  to  be  linked 
to  mortality;  (2)  the  morbidity  end  point  is  proven  or  gen- 
erally accepted  to  be  linked  to  cost  savings;  and  (3)  the  mor- 
bidity end  point  is  proven  or  generally  accepted  to  be  linked 
to  quality  of  life  or  decreased  pain  or  suffering.  The  mechan- 
isms for  offering  convincing  proof  for  the  latter  two  mor- 
bidity end  points  are  controversial  and  currently  in  a  de- 
velopmental stage.810  In  this  paper,  I  address  the  potential 
for  use  of  morbidity  end  points  proven  or  generally  accepted 
to  be  linked  to  mortality  in  ARDS.  Examples  of  morbid- 
ity end  points  that  are  generally  accepted  to  correlate  with 
mortality  and/or  cost  savings  in  mechanical  ventilation  of 
respiratory  failure  are  days  on  mechanical  ventilation,  days 
in  ICU,  and  days  in  hospital.  A  problem  with  each  of  these 
variables  is  that  when  death  is  hastened  by  progression  of 
the  underlying  illness,  days  on  mechanical  ventilation,  days 
in  ICU,  and  days  in  hospital  also  decease  even  in  the  ab- 
sence of  treatment  benefit.  A  potential  solution  for  this  prob- 
lem with  mechanical  ventilation  is  to  choose  the  end  point 
of  "days  alive  off  mechanical  ventilator  support."  An  ad- 
ditional advantage  of  this  variable  is  that  it  is  tied  to  mor- 
tality in  that  patients  must  survive  their  respiratory  failure 
to  have  days  alive  off  mechanical  ventilator  support.  There- 
fore, this  is  somewhat  of  a  combined  morbidity-mortality 
end  point.  Other  morbidity  end  points,  such  as  barotrauma 
or  hospital-acquired  pneumonia,  would  be  presumed  to  cor- 
relate with  mortality.  It  is  interesting  that  gut  decontami- 
nation in  critically  ill  ICU  patients  has  been  demonstrat- 
ed to  decrease  hospital-acquired  pneumonia  without  a 
statistically  significant  effect  on  mortality,  even  when  large 
groups  of  patients  are  studied." 


Surrogates 

It  is  possible  to  consider  physiologic  variables  or  other  soft 
end  points  as  surrogate  end  points,  if  these  physiologic  vari- 
ables are  linked  to  harder,  more  accepted  morbidity  or  mor- 
tality end  points.1213  This  requires  validation  from  large  data- 
bases of  the  patient  population  in  which  the  mechanical 
ventilation  innovation  will  be  studied.14  This  is  accomplished 
using  logistic  regression  techniques  of  statistical  modeling.15 
For  example,  if  one  were  to  study  the  effect  of  a  new  inter- 
vention in  ARDS  patients  using  a  physiologic  variable  that  had 
been  shown  through  analyses  of  large  databases  of  ARDS  pa- 
tients to  correlate  with  mortality,  that  variable  could  be  con- 
sidered a  surrogate  end  point  for  mortality.  Others  would  argue 
that  surrogate  end  points  can  only  be  used  provided  some  sim- 
ilar intervention  in  ARDS  has  been  shown  to  decrease  that  sur- 
rogate end  point  in  direct  correlation  with  a  decrease  in  mor- 
tality. Examples  of  single  physiologic  variables  that  might  be 
considered  for  surrogate  end  points  include  reduction  of  in- 
spiratory plateau  pressure  and  reduction  in  Fio3.  The  use  of 
these  surrogate  end  points  would  be  based  primarily  on  ani- 
mal data  with  some,  less  optimally  controlled  human  expe- 
rience.1618 The  use  of  an  index  such  as  Pao:/Fio:  would  be  an- 
other option  in  ARDS,  although  the  impact  of  oxygenation 
defect  on  survival  appears  to  be  less  strongly  linked  than  other 
nonpulmonary  factors.19  Single  physiologic  variables  as  pri- 
mary end  points  may  create  study  design  problems.  This  can 
be  demonstrated  with  the  designations  of  an  end  point  in  a  clin- 
ical trial  of  inhaled  nitric  oxide  in  ARDS.  In  that  circumstance, 
the  hypothesis  would  be  that  if  significant  improvement  in  Pao2 
occurred  with  inhaled  nitric  oxide,  the  response  of  the  health- 
care provider  would  be  to  decrease  F,o2,  airway  pressure,  or 
PEEP.  Without  rigid  treatment  guidelines,  it  is  difficult  to  pre- 
dict, however,  which  ventilator  setting  would  be  adjusted  for 
a  particular  patient  and,  therefore,  choosing  among  a  change 
in  inspiratory  plateau  pressure,  a  change  in  the  Fio:,  or  a  change 
in  PEEP  as  the  primary  end  point  would  be  problematic. 

Indices  as  Surrogates 

Indices  as  surrogate  end  points  have  recently  been  ad- 
vocated in  innovative  therapy  of  sepsis.  Again,  as  for  sin- 
gle physiologic  surrogate  end  points,  validation  is  required. 
An  example  is  a  risk-prediction  index  of  death  developed  by 
Knaus  and  colleagues.20  This  index  was  derived  using  his- 
torical pieces  of  patient  information,  physiologic  and  labora- 
tory variables,  and  special  hospital  characteristics  of  the  pa- 
tient. This  index  was  retrospectively  fitted  to  a  large  database 
of  patients  with  sepsis  and  was  then  validated  by  field  test- 
ing in  a  smaller  group  of  patients.  It  was  then  used  in  the  first, 
large  phase-Ill  randomized  trial  of  interleukin-1  receptor  an- 
tagonist, IL-lra,  in  patients  with  severe  sepsis,  to  stratify  the 
patients  in  the  analysis.21  The  results  suggested  that  IL-lra 
benefited  patients  with  mortality  predictions  of  >  24%.  Be- 
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cause  this  was  a  post  hoc  analysis,  a  second  large  trial  was 
required  to  justify  use  of  the  risk-prediction  index  as  the  pri- 
mary efficacy  variable.  Unfortunately,  the  second  trial  failed 
to  show  benefit  in  that  group  (personal  communication, 
Charles  J  Fisher  MD.  1994).  What  the  impact  of  this  will  be 
on  future  utility  of  similarly  derived  indices  is  not  clear.  In 
either  of  the  circumstances  listed  for  choosing  surrogate  end 
points,  a  beneficial  effect  on  the  surrogate  variable  ideally 
should  be  associated  with  clear  assurance  of  no  toxic  or  sec- 
ondary negative  effect.  This  is  best  done  by  linking  the  sta- 
tistically significant  surrogate  effect  with  a  positive  trend  in 
mortality  or  a  mortality-linked  morbidity  variable  (such  as 
days  alive  off  mechanical  ventilatory  support). 

Composites 

It  is  possible  to  do  a  statistical  test  in  which  multiple  vari- 
ables are  analyzed  with  one  statistical  test  (composite  end 
point).2221  O'Brien's  generalized  least  squares  and  the  ap- 
proximate likelihood  ratio  are  two  such  statistics.  These  sta- 
tistical analyses  may  be  capable  of  proving  a  treatment  effect 
when  the  treatment  is  anticipated  to  impact  on  multiple  vari- 
ables in  a  beneficial  way  because  it  is  not  known  which  vari- 
able will  be  primarily  affected.  These  variables  may  include 
some  combination  of  physiologic  and  morbidity  variables  as 
well  as  the  potential  to  include  mortality.  If  there  is  a  differ- 
ence favoring  the  innovative  treatment  in  any  variable  added 
to  this  statistical  analysis,  the  chance  to  show  statistical  sig- 
nificance is  improved.  Likewise,  the  chance  of  showing  sta- 
tistical significance  is  decreased  with  any  added  variable  that 
favors  neither  treatment  group  or  favors  the  non-innovative 
therapy.  This  might  lead  to  a  demonstration  of  significant  sta- 
tistical difference  by  allowing  selection  of,  perhaps,  three  phys- 
iologic variables  that  are  expected  to  improve  with  the  inno- 
vative therapy  when  it  is  difficult  to  pick  a  single  variable  that 
is  likely  to  reflect  the  primary  beneficial  alteration.  In  addi- 
tion, the  possibility  exists  of  including  an  accepted  morbid- 
ity or  mortality  variable  to  the  composite  end  point  in  circum- 
stances where  a  difference  in  favor  of  the  innovative  therapy 
was  likely  to  occur,  but  small  numbers  of  patients  could  pre- 
vent statistical  proof  using  that  single  variable. 

Need  for  End-Point  Selection 

Prospective  Definition  of  Variables 

Regardless  of  what  the  variable  is  for  which  a  statistical 
significant  effect  of  the  innovative  mechanical  ventilation  treat- 
meni  is  claimed,  that  variable  should  be  prospectively  identi- 
fied and  have  been  the  single  test  by  which  the  success  of  the 
mechanical  ventilation  innovation  was  to  be  judged.  This  is 
line  for  a  composite  end  point,  a  physiologic  end  point  tied 
lo  a  trend  in  mortality,  and  a  surrogate  end  point.  Prospec- 
tive identification  of  multiple  end  points  to  be  tested  requires 


selection  of  a  procedure  to  control  the  error  rate  existing  with 
use  of  a  p  value  of  <  0.05.  A  p  value  that  reflects  efficacy  after 
adjustment  for  the  numbers  and  types  of  analyses  performed 
should  be  used  for  statistical  significance  (statistical  penal- 
ties).2425 This  will  prevent  an  a  error  (claiming  a  benefit  when 
no  benefit  exists). 

Control  of  Covariants 

Treatment  of  respiratory  failure  may  vary  considerably 
among  sites  in  a  multicenter  study.  This  is  true  regardless  of 
the  cause  of  respiratory  failure,  (eg,  status  asthmaticus,  COPD, 
neuromuscular  failure,  or  ARDS).  It  is  ideal  to  have  a  com- 
mon ventilator  management  strategy  for  respiratory  failure 
among  the  sites  involved  so  that  the  mechanical  ventilation 
innovation  becomes  the  single  variable  most  likely  to  vary 
among  the  treatment  groups.  For  example,  if  a  mechanical  ven- 
tilation innovation  is  being  studied  in  ARDS,  agreement  among 
investigators  in  the  use  of  PEEP  (eg,  optimal  PEEP  based  on 
compliance  or  inflection  point),  limitation  of  inspiratory  plateau 
pressure  (eg,  to  allow  some  degree  of  permissive  hypercap- 
nia),  and  priorities  for  decreasing  PEEP  versus  decreasing  mean 
airway  pressure  versus  decreasing  Eo;  in  response  to  im- 
provement of  oxygenation  is  desirable.  This  treatment  strat- 
egy may  be  as  sophisticated  as  a  computerized  algorithm  or 
as  simple  as  a  list  of  basic  principles  to  be  used  as  guidelines.26-7 
An  additional  potential  benefit  of  protocol  management  or  treat- 
ment guidelines  is  improving  the  chance  of  establishing  the 
validity  of  a  selected  physiologic  surrogate  variable. 

In  Conclusion 

It  must  also  be  remembered  that  the  adequate  and  fair  eval- 
uation of  an  innovative  mechanical  ventilation  therapy  with 
any  chosen  end  point  depends  on  study  design  issues  such 
as  power  of  the  study,  randomization,  blinding,  choice  of  spe- 
cific statistical  tests,  and  time  over  which  treatment  is  eval- 
uated.28'2" These  and  other  issues  are  covered  elsewhere  in 
this  conference.30 
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Introduction 

In  the  50  years  since  the  landmark  trial  of  streptomycin 
in  pulmonary  tuberculosis,  the  randomized  control  clinical 
trial  (RCT)  has  emerged  as  the  gold  standard  for  evaluat- 
ing medical  therapies.1  Because  of  definitive  RCTs  we  no 
longer  freeze  gastric  ulcers  or  administer  steroids  for  sep- 
tic shock.23  Experiments,  such  as  these,  are  capable  of  esta- 
blishing a  causal  link  between  a  therapy  and  its  effect.  How- 
ever, causal  inference  is  one  that  investigators  make  cautiously 
when  data  come  from  observational  and  nonexperimental 
study  designs.  Often,  the  phrase  "is  associated  with"  is  used 
in  place  of  "causes"  because  there  are  many  plausible  alter- 
native explanations  in  addition  to  the  hypothesized  causal 
one.  Randomization,  when  combined  with  proper  blinding 
and  outcome  ascertainment,  is  a  powerful  research  tool  pre- 
cisely because  it  reduces  the  chances  that  observed  associa- 
tions are  not  causal.  In  this  paper,  I  introduce  the  reader  to 
the  concepts  of  chance,  confounding,  and  bias  and  explain 
how  RCTs  deal  with  their  effects. 
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The  high  quality  information  from  RCTs,  like  that  obtained 
from  gold-standard  diagnostic  tests  in  clinical  practice,  is  pur- 
chased at  a  high  price.  These  studies  are  expensive  to  perform 
and  often  require  individual  patients  and  physicians  to  abrogate 
their  personal  choices  regarding  the  best  therapy.  Given  these 
limitations,  an  RCT  cannot  be  performed  to  answer  every  clin- 
ical question  that  arises.  Inevitably,  decisions  about  imple- 
menting new  or  continuing  to  use  old  medical  therapies  will 
come  from  a  synthesis  of  information  from  a  variety  of  sources. 
The  type  and  quality  of  evidence  required  prior  to  widespread 
medical  use  will  need  to  be  matched  to  the  expense,  risk,  and 
uncertainty  of  the  therapy  under  consideration.  Whereas  a  large 
RCT  with  mortality  as  an  end  point  is  necessary  to  demon- 
strate the  superiority  of  partial  liquid  ventilation,  it  is  intel- 
lectual overkill  to  expect  this  level  of  evidence  prior  to  using 
a  new  ventilator  humidifier.  To  meet  the  competing  demands 
of  evidence-based  practice  of  medicine,  cost  containment,  and 
prompt  provision  of  effective  therapies,  study  designs  must 
be  tailored  to  the  research  question.  The  methodologic  and 
design  characteristics  of  the  RCT  and  its  role  in  determining 
the  efficacy  of  medical  therapies  are  the  foci  of  the  paper. 

Sources  of  Error  in  Clinical  Trials 

If  human  beings  were  identical,  like  specially  bred  lab- 
oratory mice  or  mechanical  test  lungs,  and  if  their  environ- 
ment, diet,  and  medical  care  could  be  completely  specified, 
then  randomization  would  rarely  be  necessary.  Perfect  human 
trials  could  be  conducted  because  the  study  and  control  groups 
would  be  identical  in  every  way  except  one — the  experimental 
treatment.  It  is  unfortunate,  from  a  research  standpoint,  that 


980 


RESPIRATORY  CARF.  •  SKPTKMBER  '95  VOL  40  NO  9 


Statistical  &  Methodologic  Considerations 


human  beings  and  their  diseases  are  influenced  by  innumerable 
factors,  both  known  and  unknown,  that  make  it  impossible 
to  construct  study  groups  that  are  identical  in  every  way.  Be- 
cause study  and  control  groups  will  necessarily  differ  in  some 
ways,  researchers  need  a  method  to  distinguish  between  the 
differences  that  are  due  to  the  treatment  and  those  due  to  other 
causes  of  observed  differences.  Randomization  and  blind- 
ing, by  eliminating  bias  and  reducing  confounding  to  chance, 
provide  researchers  with  a  powerful  tool  in  their  search  for 
causal  relationships.4-5 

Bias 

The  hallmark  of  scientific  research  is  its  reproducibility. 
Two  scientists  studying  a  drug  in  similar  patients  should  find 
a  similar  effect  within  the  bounds  of  chance.  Experiments  are 
designed  and  analyzed  in  an  effort  to  provide  an  unbiased  es- 
timate of  this  effect.  In  fact,  this  is  exactly  what  unbiased  means 
to  a  statistician.  An  unbiased  coin  is  one  that  yields  results 
completely  according  to  chance — heads  are  as  likely  as  tails 
on  every  toss.  An  experiment  that  provides  an  unbiased  es- 
timate of  treatment  effect  is  one  that  is  just  as  likely  to  under- 
shoot the  true  effect  as  it  is  to  exaggerate  it.  Biased  study  de- 
signs consistently  yield  results  that  deviate  in  one  direction, 
much  as  a  biased  scale  consistently  over-  or  underestimates 
weight.  If  the  bias  is  known,  the  direction,  although  not  al- 
ways the  magnitude,  can  be  determined.6 

Studies  that  compare  a  new  treatment  to  historical  controls 
are  biased  toward  finding  the  new  treatment  beneficial.7-8  Re- 
searchers who  allocate  patients  as  they  see  fit  may  choose  to 
place  patients  with  more  favorable  prognoses  in  the  study  group. 
This  design  biases  the  study  towards  finding  a  favorable  ef- 
fect of  the  treatment.  Randomization  is  usually  effective  at 
eliminating  these  biases  that  are  introduced  at  the  time  the  con- 
trol and  study  groups  are  formed.  However,  randomization 
alone  does  not  eliminate  biases  that  creep  in  at  other  points 
after  the  formation  of  the  study  groups. 

A  few  examples  of  these  post-randomization  biases  should 
suffice.  Studies  that  compare  only  treatment  responders,  com- 
pliant patients,  or  those  who  actually  complete  therapy  to  a 
randomized  control  group  are  biased  toward  finding  an  ef- 
fect. The  most  conservative  method  for  controlling  this  bias 
is  the  'intention-to-treat'  approach  in  which  everyone  who 
is  randomized  to  treatment  is  included  in  the  analysis  as  hav- 
ing received  it,  regardless  of  whether  they  actually  did  receive 
it  or  respond  to  it.  This  intention-to-treat  method  has  been  crit- 
icized as  overly  conservative,  and  techniques  are  being  de- 
veloped to  analyze  data  from  patients  who  receive  care  dif- 
ferent from  that  specified  in  their  original  assignment.9 

Investigators  may,  unconsciously,  assign  borderline  cases 
as  successes  or  failures  based  on  knowledge  of  the  treatment 
received.  Blinding  investigators  is  the  best  insurance  that  all 
patients  in  both  arms  are  regarded  similarly  with  respect  to 
their  care  and  to  the  ascertainment  of  end  points.  However, 


in  studies  that  evaluate  surgical  procedures  and  many  types 
of  medical  devices,  blinding  is  difficult.  This  limitation  has 
complicated  the  critical  evaluation  of  mechanical  ventila- 
tor weaning  strategies.  A  clinician  with  full  knowledge  of 
the  treatment  received  is  often  in  the  position  of  deciding  when 
to  extubate  the  patient.  Subtly,  and  quite  unconsciously,  keep- 
ing control  patients  on  the  ventilator  a  few  hours  longer  and 
aggressively  extubating  those  in  the  experimental  group  is 
enough  to  introduce  bias.  When  it  is  not  possible  to  blind 
the  practicing  clinician  to  the  assignment,  it  is  important  to 
develop  rigid  guidelines  for  ancillary  medical  decisions  and 
strict  criteria  for  counting  end  points  and  complications.  Those 
who  evaluate  these  end  points  should  not  be  the  same  in- 
dividuals who  provide  the  unblinded  care. 

Confounding 

Differences  in  mortality  may  not  be  due  to  the  treatment 
but  to  other  differences  between  the  patients.  If  control  pa- 
tients are  older  and  sicker,  this  may  account  for  the  lower  mor- 
tality in  the  treatment  group.  When  the  effect  of  the  treatment 
on  mortality  (in  this  case,  the  new  ventilator)  is  mixed  with 
other  effects  (eg,  severity  of  illness  or  age)  the  two  are  said 
to  be  confounded.  For  this  to  occur,  the  potential  confounder 
must  be  associated  with  both  the  treatment  and  outcome.  This 
means  that  an  imbalance  between  the  two  groups  must  be  pre- 
sent, and  this  imbalance  must  also  be  associated  with  the  out- 
come.10 Differences  in  eye  color  or  astrologic  sign,  even  large 
differences,  would  not  confound  the  relationship  between  ven- 
tilator mode  and  mortality.  In  epidemiologic  studies  in  which 
patients  are  not  randomized,  potential  confounders  must  be 
identified  and  controlled  in  the  analysis  of  the  data.  Even  after 
this  analysis,  residual  or  uncontrolled  confounding  is  always 
a  potential  explanation  for  associations  found  in  epidemio- 
logic studies. 

A  common  misperception  is  that  randomization  eliminates 
confounding  by  creating  identical  study  and  control  groups. 
Frequently,  it  does  create  groups  that  are  roughly  similar  on 
a  wide  range  of  measured  variables.  However,  the  real  pur- 
pose of  the  procedure  is  to  create  groups  that  do  differ  from 
each  other  but  do  so  in  a  specific  way,  that  is,  they  differ  ran- 
domly.1 ll2  Confounding  variables,  those  that  are  strongly  re- 
lated to  the  outcome,  are  also  distributed  randomly,  and  the 
effect  of  confounding  is  reduced  to  the  effect  of  chance  im- 
balances in  the  study  groups.  We  are  left  with  the  mathematical 
problem  of  estimating  the  probability  that  chance  differences 
in  the  groups  account  for  observed  differences  in  outcome. 
This  is  exactly  the  question  that  tests  of  statistical  significance 
were  designed  to  answer. 

Chance 

Table  1  contains  data  from  a  hypothetical  trial  showing 
a  50%  reduction  in  mortality  (p  =  0.005).  Few  numbers  are 
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more  frequently  misinterpreted  and  overutili/ed  than  the  nom- 
inal p-value  result  from  a  statistical  test.  The  double  negative, 
"probability  of  rejecting  the  null  hypothesis  when  the  null  hy- 
pothesis is  true."  although  a  correct  definition  of  p.  no  doubt 
contributes  to  the  confusion  surrounding  this  hallowed  for- 
mulation. The  p  value  simply  reflects  the  probability  of  ob- 
taining the  same  results  (mortality  reduction  =  50%)  or  more 
extreme  ones  (mortality  reduction  of  >50%)  if,  in  fact,  the 
treatment  has  no  effect,  and  the  difference  in  the  result  is  due 
to  chance  imbalances  among  groups  of  patients. 

Table  1 .      Hypothetical  Trial  Data  Showing  a  Treatment  Effect  =  50% 
Reduction  in  Mortality — 95%  Confidence  Interval  (0.25, 
0.96),  p  =  0.005 


Treatment 


Control 


Dead 

30 

Alive 

20 

Mortality  (%) 

60 

Consider  a  clinical  trial  with  100  patients  who  are  randomly 
assigned  to  2  groups  but  in  which  no  therapy  is  provided,  and 
both  groups  get  the  same  placebo  injection.  Now  suppose  that 
you  have  been  funded  to  repeat  this  'null'  experiment  1,000 
times.  Of  course,  in  the  majority  of  trials  you  will  see  near- 
ly identical  mortality  in  each  group.  Some  of  the  randomizations 
will  lead  to  an  imbalance  in  the  assignment  of  patients  who 
will  die.  How  often  might  this  lead  to  the  data  in  Table  1  ?  The 
p  value  (0.005)  tells  you  that  only  5  of  these  1,000  'null'  ex- 
periments will  show  differences  as  extreme  or  more  extreme 
as  those  in  Table  1 — mortality  reduction  >  50%.  By  making 
chance  an  unlikely  explanation  of  these  data,  we  have  also 
made  confounding  an  unlikely  explanation. 

Distinguishing  "statistical  significance"  (a  low  p  value) 
from  clinical  importance  is  essential  for  those  who  wish  to 
apply  the  results  of  trials.  Three  factors  determine  the  p  value: 
the  magnitude  of  the  difference  between  groups,  the  sample 
size,  and  the  variability  in  the  outcome  measure.  Large  dif- 
ferences in  precisely  measured  variables  in  many  subjects  lead 
to  very  small  p  values.  However,  a  p  value  of  any  given  sig- 
nificance (say,  less  than  0.05)  can  be  generated  from  very  small 
differences  if  they  are  measured  in  enough  subjects.  Large 
and  clinically  important  effects  may  be  missed  (that  is,  fail 
to  meet  a  specific  p-value  criterion),  if  the  outcome  variable 
is  measured  inaccurately  or  if  the  sample  size  is  small.  It  is 
as  incorrect  to  accept  all  studies  as  clinically  significant  be- 
cause they  achieve  a  low  p  value  as  it  is  to  reject  as  clinically 
unimportant  all  studies  that  fail  to  reach  some  arbitrary  level 
of  statistical  significance. 

Clinical  trials  should  have  a  reasonable  chance  of  con- 
cluding that  the  effect  of  interest  is  statistically  significant. 
Small  negative  studies  contribute  little  information  because 
they  cannot  exclude  important  treatment  effects."  The  prob- 
ability of  concluding  that  a  specified  treatment  effect  is  sta- 


tistically significant  when,  in  fact,  such  efficacy  exists  is 
called  power.  A  study's  power  is  determined  by  the  magni- 
tude of  the  treatment  effect,  the  threshold  of  statistical  signi- 
ficance set  by  the  investigators,  and  the  variability  in  the 
outcome  measure.  Using  estimates  for  these  values,  re- 
searchers can  calculate  the  number  of  patients  they  must  re- 
cruit for  a  given  study. 

Unfortunately,  the  results  of  this  calculation  are  often  dis- 
couraging. If  investigators  are  only  interested  in  treatments 
with  large  effects,  then  relatively  small  sample  sizes  will  suf- 
fice. To  have  a  90%  chance  of  finding  results  identical  to  those 
obtained  in  Table  1  (a  reduction  in  mortality  from  60%  to  30%) 
at  the  p  =  0.05  would  require  only  60  patients  in  each  arm  of 
the  study.  However,  effect  sizes  this  large  are  unusual  in  med- 
icine and  particularly  unlikely  in  critically  ill  patients  where 
mortality  is  likely  to  be  multifactorial.  Clinicians  may  feel  that 
much  smaller  mortality  reductions  are  clinically  important. 
Enormous  sample  sizes  are  necessary  to  reliably  conclude  that 
small  differences  are  statistically  significant.  To  detect  a  re- 
duction in  mortality  from  60%  to  55%  (an  8%  reduction  as 
opposed  to  the  50%  reduction  in  the  previous  example)  with 
the  same  power  and  statistical  significance  requires  more  than 
2,000  patients  in  each  arm  of  the  study. 

A  variety  of  techniques  can  be  used  to  maximize  statis- 
tical power,  other  than  recruiting  more  patients.  Limiting  the 
study  to  patients  who  are  likely  to  benefit  the  most  will  pre- 
sent a  large  effect  size.  Investigators  may  decide  that  a  p  value 
of  0. 10  is  persuasive  enough  for  their  purposes.  By  accepting 
a  higher  p  value,  they  are  accepting  a  higher  risk  of  adopt- 
ing an  ineffective  therapy,  but  that  risk  must  be  balanced 
against  the  benefits  of  a  smaller  sample  size.  There  are  ad- 
vantages to  be  gained  by  substituting  a  continuous  variable, 
like  blood  pressure  or  Po:.  for  categorical  variables,  such  as 
mortality.  Detecting  an  8%  reduction  in  average  duration  of 
mechanical  ventilation,  from  12  to  11  days,  only  requires 
several  hundred  patients  in  each  study  arm. 

If  random  noise  (variation)  in  the  outcome  variable  can 
be  reduced,  for  example,  by  measuring  physiologic  variables 
precisely  or  by  providing  care  according  to  a  protocol,  siz- 
able reductions  in  sample  size  can  be  obtained.  More  than  300 
patients  are  needed  for  the  duration-of-mechanical-ventila- 
tion  study  just  described,  if  the  standard  deviation  (SD,  vari- 
ability) in  the  outcome  is  4  days.  If  instituting  a  protocol  re- 
duces SD  to  2  days,  the  sample  size  requirement  drops  to 
around  100  patients.  Paired  study  designs  are  also  powerful 
tools  for  controlling  variability.  By  taking  measurements  be- 
fore and  after  the  randomized  intervention,  each  patient's  base- 
line data  serves  as  a  ruler  for  measuring  improvement.  The 
investigator  then  compares,  for  example,  the  change  in  Po:, 
for  the  treatment  and  control  groups. 

Models  of  illness  severity  like  APACHE  (Acute  Physi- 
ology and  Chronic  Health  Evaluation)  or  MPM  (Mortality 
Prediction  Model)  have  been  proposed  as  methods  to  reduce 
variation  in  clinical  trials.1415  By  mathematically  controlling 
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for  variations  in  illness  severity,  advocates  contend  that  small 
treatment  effects  will  emerge  as  statistically  significant  in  stud- 
ies where  they  would  not  otherwise.  In  fact,  there  are  potential 
advantages  of  such  a  model-based  approach.16  Unfortunately, 
because  even  good  prediction  models  account  for  a  relatively 
small  amount  of  variation,  the  gains  in  precision  are  mod- 
est and  are  achieved  at  the  expense  of  a  simple  representa- 
tion of  the  results.17  The  goal  is  not  to  control  confounding 
but  to  control  the  'noise'  or  random  variability.  If  investigators 
choose  to  adjust  for  prognostic  variables,  it  is  imperative  that 
the  variables  be  selected  prior  to  analyzing  the  data.  By  cre- 
atively dredging  through  a  variety  of  predictors  it  is  possi- 
ble, with  this  technique,  to  create  a  statistically  significant 
treatment  effect  where  none,  in  fact,  exists.18 

Factorial  study  designs  improve  power  by  allowing  a  group 
of  patients  to  contribute  information  on  more  than  one  treat- 
ment.19 If  the  effects  of  two  therapies  can  be  expected  to  act 
independently  of  each  other,  for  example,  a  ventilatory  mode 
and  an  anti-inflammatory  sepsis  drug,  a  2  x  2  factorial  de- 
sign can  be  implemented.  Here  one  fourth  of  the  patients  are 
randomized  to  a  control  arm,  one  fourth  receive  the  new  ven- 
tilatory mode,  one  fourth  the  pharmacologic  intervention,  and 
one  fourth  receive  both  interventions.  The  control  group's 
data  and  the  dual  treatment  group's  data  can  be  counted  sep- 
arately in  the  analysis  of  the  ventilator  mode  and  the  drug  treat- 
ment. This  effectively  increases  the  sample  size  for  a  given 
number  of  patients. 

Covariate  Imbalance  &  the  p  Value 

The  p  value  tells  the  reader  the  probability  that  an  ex- 
periment would  return  a  given  set  of  data  if  the  treatment  is 
ineffective  and  the  observed  differences  are  due  simply  to 
chance  imbalances  in  confounding  variables.  Let  us  assume 
we  do  not  have  the  information  that  is  usually  provided  in  the 
traditional  'Table  1 '  of  an  RCT  report — ie,  the  distribution 
of  the  confounding  variables  among  groups.  Considering  the 
50%-mortality-reduction  example,  we  do  not  know  whether 
the  treatment  group  was  sicker  or  older  than  the  controls.  What 
are  the  chances  of  observing  the  50%  mortality  reduction  if 
it  were  due  only  to  chance  imbalances  in  age  or  severity  of 
illness?  Exactly  5  in  a  thousand — the  p  value.  Now,  what  if 
the  average  age  of  the  treatment  group  is  half  that  of  the  con- 
trol group?  What  are  the  chances  of  observing  this  magnitude 
of  mortality  reduction  if  the  differences  are  only  due  to  chance 
imbalances?  The  reason  we  randomized  in  the  first  place  is 
so  that  we  can  answer  this  question,  and  the  answer  is  the 
same — exactly  5  in  a  thousand. 

What  are  we  to  make  of  the  trial  that  fails  to  create  simi- 
lar study  and  control  groups?  Just  as  a  well-shuffled  deck  of 
cards  occasionally  deals  straight  flushes,  randomized  stud- 
ies occasionally  yield  imbalanced  patient  groups.  We  some- 
times say  that  these  trials  suffer  from  inadequate  or  failed  ran- 
domization. Unless  there  is  evidence  that  the  investigators 


committed  fraud,  the  concept  is  better  expressed  as  'unlucky' 
randomization.  We  know  that  the  treatment  effect,  the  p  value, 
and  the  confidence  interval  obtained  from  an  RCT  are  unbiased 
regardless  of  the  chance  imbalances.  This  means  that  if  we 
repeat  the  exact  experiment  over  and  over,  95%  of  the  95% 
confidence  intervals  will  contain  the  true  effect,  and  the  study 
findings  will  only  differ  by  chance.  Individual  researchers  find 
little  solace  in  the  notion  that  repeating  a  study  over  and  over 
will  lead  to  reliable  results  when  they  got  an  unlucky  deal  of 
the  randomization  cards.  There  are  three  ways  to  deal  with 
the  post-study  anxiety  generated  by  chance  imbalances  in  con- 
founding variables. 

Showing  in  the  traditional  'Table  1'  that  treatment  and 
control  groups  are  similar  with  regard  to  measured  variables 
does  not  prove  that  unmeasured  important  variables  were  dis- 
tributed in  a  balanced  fashion.  As  long  as  randomization  and 
blinding  were  performed  correctly,  the  effect  of  these  im- 
balances on  the  estimate  of  treatment  effect  will  be  adequately 
expressed  in  the  p  value  and  confidence  interval.  Because 
the  'Table  1'  comparisons  don't  really  change  the  interpre- 
tation of  the  treatment  effect,  p  value,  or  confidence  inter- 
val, some  commentators  feel  this  information  is  superflu- 
ous.1020 So,  the  first  method  for  dealing  with  imbalances  is 
to  compulsively  and  blindly  randomize  subjects  and  forego 
looking  for  differences  among  groups  in  baseline  charac- 
teristics. However,  scrutinizing  such  tables  has  become  fair- 
ly ingrained  in  reviewers  and,  despite  the  arguments  of  some 
statisticians,  papers  without  this  information  are  unlikely  to 
be  widely  accepted. 

The  second  method  for  handling  imbalances  is  to  prevent 
them.  A  variety  of  randomization  strategies  allocate  patients 
within  groups  defined  by  the  investigator.  For  example,  young 
and  old  patients  can  be  randomized  separately  to  ensure  that 
age  is  similarly  distributed  between  treatment  and  control 
groups.  This  method  entails  more  work  for  the  investigators 
but  ensures  balanced  allocation  for  certain  variables.  Of  course, 
this  method  cannot  guarantee  balanced  unmeasured  variables — 
the  p  value  is  still  necessary  to  evaluate  their  effect.  Strati- 
fied randomization  guarantees  that  'Table  1,'  at  least  for  the 
specified  variables,  will  contain  no  surprises.  Finally,  in- 
vestigators can  control  covariate  balance  in  the  analysis.  It 
is  interesting  to  note  that  even  in  trials  with  very  unlucky  ran- 
domization and  gross  covariate  imbalance,  the  adjusted  anal- 
yses rarely  change  the  study  findings.17'21 

Limitations  of  Randomized  Clinical  Trials 

There  is  little  disagreement  that  RCTs  provide  the  best  ev- 
idence for  drawing  conclusions  about  the  efficacy  of  a  ther- 
apy. However,  randomized  controlled  trials  raise  ethical  ques- 
tions, are  expensive,  address  a  specific  question,  and  may  not 
reflect  the  effectiveness  of  a  therapy  in  the  'real  world'  of  the 
practice  of  medicine.  Given  the  large  sample  sizes  needed 
to  detect  small  effects,  prolonged  observation  times  for  chron- 
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ic-disease  projects,  and  the  large  administrative  burdens  of 
studies,  the  costs  of  RCTs  can  be  enormous.  One  particularly 
exhaustive  and  complex  trial,  the  Multiple  Risk  Factor  In- 
tervention Trial  (MRFIT).  cost  more  than  $1 16.000,000. 22 
Funding  for  trials  of  new  treatments  should  come  from  the 
industries  that  stand  to  profit  from  them,  but  many  practices 
in  clinical  medicine  have  evolved  without  sufficient  empirical 
evidence.  Financial  pressures  may  induce  health-care  pay- 
ers such  as  the  federal  government  and  managed  care  enti- 
ties to  invest  in  studies  to  evaluate  current  practice.  Where- 
as it  is  difficult  to  weigh  the  costs  of  RCTs  against  the  costs 
of  proceeding  with  a  therapy  of  unknown  efficacy,  it  is  clear 
that  multimillion-dollar  studies  cannot  be  performed  for  every 
clinical  question  in  every  conceivable  population. 

Although  human  trials  have  a  sometimes  sordid  ethical  his- 
tory, current  practice  is  closely  watched  by  institutional  re- 
view boards.23  Clinical  equipoise  is  the  ethical  principle  that 
justifies  randomization.24  When  serious  disagreement  as  to 
the  appropriateness  of  a  therapy  exists  in  the  professional  com- 
munity at  large,  even  if  individual  physicians  in  individual 
cases  have  strong  opinions,  then  an  RCT  is  ethically  justifi- 
able. The  AIDS  epidemic  and  patient-advocacy  movements 
have  raised  difficult  questions  about  patients'  rights — par- 
ticularly the  rights  of  patients  with  terminal  illnesses  to  have 
access  to  any  care  that  might  benefit  them.25  Time  spent  plan- 
ning, coordinating,  and  publishing  RCTs  often  leads  to  a  dis- 
crepancy between  promising  treatments  that  appear  in  the  lab- 
oratory and  the  clinical  evidence  to  support  their  use.  There 
will  always  be  some  new  therapy,  device,  or  diagnostic  test 
that  threatens  to  make  recently  completed  RCTs  obsolete  even 
before  the  data  are  published.  Society  will  need  to  weigh  the 
importance  of  firm  knowledge  about  medical  treatment  ef- 
ficacy against  the  competing  needs  of  the  desperately  ill  for 
access  to  any  care  that  might  help  them. 

Proponents  of  RCTs  are  frequently  faced  with  a  dilemma. 
This  dilemma  has  been  described  as  the  efficacy-effective- 
ness, fastidious-pragmatic,  or  validity-generalizability  issue. 
Broadly  speaking,  the  question  is  whether  a  trial  should  be 
designed  to  answer  a  single  clean  question  in  a  narrow  pa- 
tient population  in  a  few  high-quality  centers  or  whether  it 
should  be  opened  up  to  include  a  broad  range  of  patients  and 
practitioners.  The  former  design  generates  an  efficacy  trial 
and  answers  the  narrow  question,  In  the  best  of  hands  can  this 
therapy  work  in  a  specified  patient  population?  If  the  results 
of  an  efficacy  trial  are  positive,  critics  will  be  concerned  that 
generalization  to  other  centers  or  patients  is  unjustified.  Ef- 
fectiveness or  "large  simple"  trials  seek  to  enroll  a  broad  range 
of  patients  at  many  institutions.26  Proponents  argue  that  this 
design  more  closely  rellccts  the  sort  of  practice  thai  will  occur 
if  the  therapy  is  adopted.  When  negative,  there  is  always  the 
a  mcern  that  efficacy  in  a  subgroup  was  obscured  or  that  some 
of  the  providers  were  unskilled.  Like  most  dilemmas,  there 
is  no  ready  solution  to  the  efficacy-effectiveness  design  de- 
bate. There  is  general  agreement  that  when  efficacy  trials  with 


sufficient  statistical  power  have  been  negative,  large  effec- 
tiveness trials  are  difficult  to  justify.  Neither  design  is  pre- 
ferred— they  provide  complementary  information. 

There  are  two  main  alternatives  to  doing  an  RCT.  The  first 
is  not  truly  an  alternative  method.  Meta-analysis  quantitatively 
synthesizes  the  results  of  many  RCTs  into  a  standardized  es- 
timate of  the  underlying  treatment  effect.27  Many  small  neg- 
ative trials  that  lack  statistical  power  can,  collectively,  con- 
tribute information  to  a  statistically  significant  estimate  of  effect. 
The  use  of  many  trials,  each  with  different  patient  populations 
and  settings,  may  replicate  the  type  of  information  available 
from  a  "large  simple"  randomized  trial.28  Criticisms  of  this 
analytic  technique  center  on  the  'apples-and-oranges*  prob- 
lem. It  may  not  make  sense  to  mix  studies  with  various  for- 
mulations of  the  therapy  and  diverse  end  points.  If  studies  are 
selected  for  inclusion  in  the  meta-analysis  in  a  biased  fash- 
ion then  the  results  of  the  meta-analysis  will  be  biased.  De- 
spite its  problems,  meta-analysis  may  provide  enough  in- 
formation to  avoid  the  expense  of  a  large  confirmatory  trial, 
when  the  evidence  of  many  smaller  trials  can  be  combined. 

The  other  important  alternative,  a  study  design  that  has 
been  dubbed  the  'outcome  study,"  has  been  added  to  the  re- 
searcher's armamentarium.  It  is  important  that  readers  under- 
stand that  the  outcome  study  and  the  burgeoning  field  of  out- 
comes research  is.  in  reality,  an  old  and  venerable  study  design 
that  has  been  modified  slightly  to  serve  a  new  purpose.  Tra- 
ditionally, in  an  epidemiologic  cohort  study,  a  group  of  sub- 
jects is  assembled  and  followed  for  a  period  of  time.  Some 
of  the  patients,  presumably  by  chance,  will  come  in  contact 
with  tobacco,  ethanol,  asbestos,  or  a  number  of  other  expo- 
sures of  interest.  Subjects  are  assessed  for  the  development 
of  disease,  and  relative  risks  for  the  exposures  are  calculat- 
ed. Confounding  is  a  major  methodologic  impediment  that 
is  usually  surmounted  with  models  that  mathematically  con- 
trol for  multiple  variables  and  present  an  unconfounded  es- 
timate of  the  exposure's  effect.29  Despite  these  sophisticat- 
ed techniques,  bias  and  residual  confounding  remain  alternative 
explanations  for  associations  noted  in  cohort  studies. 

The  outcome  study  is  identical  to  the  cohort  study  ex- 
cept the  exposure  is  not  to  tobacco  or  electromagnetic  radia- 
tion but  to  a  medical  therapy,  such  as  coronary  angioplas- 
ty or  tympanostomy-tube  insertion.  Just  as  cohort  studies 
try  to  establish  a  causal  link  between  the  exposure  and  the 
disease,  outcome  studies  attempt  to  establish  a  causal  link 
between  the  medical  therapy  and  some  improvement  in  a 
clinically  important  outcome.  This  outcome  may  be  mor- 
tality or  days  alive  off  the  ventilator,  but,  more  recently  the 
focus  of  the  outcomes  movement  has  shifted  to  health-re- 
lated quality  of  life. 

Confounding,  reduced  to  a  measurable  chance  phenomenon 
in  RCTs,  is  a  big  problem  in  outcome  studies  of  medical  ther- 
apy. The  same  multivariate  models  used  in  epidemiologic 
cohort  studies  are  used  to  control  for  severity  of  illness  and 
other  factors  that  distinguish  those  who  were  selected  for  a 
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therapy  from  those  who  were  not.  However,  when  clinicians 
are  permitted  to  choose  who  receives  a  treatment,  even  among 
patients  with  nearly  identical  objective  parameters,  the  se- 
lected patients  seem  to  do  better  irrespective  of  the  treatment's 
efficacy.  This  indication  bias  may  drive  outcome  studies  to- 
ward concluding  that  ineffective  treatments  are  effective.30 
Unless  the  subtle  factors  that  clinicians  use  to  make  their  se- 
lections can  be  measured  and  controlled,  this  is  a  difficult 
bias  to  eliminate. 

Outcomes  research  has  many  advantages  over  clinical 
trials.  Data  about  patients,  the  treatments  they  receive,  and 
their  outcomes  are  collected  in  the  course  of  routine  care 
for  administrative  and  quality-improvement  purposes.  The 
data  reflect  care  as  it  is  actually  being  provided  outside  of 
the  academic  walls.  There  are  some  encouraging  data  about 
the  reliability  of  information  obtained  from  these  nonran- 
domized studies.  Results  of  RCTs  can  be  closely  simulat- 
ed from  clinical  databases  suggesting  that,  at  least  in  some 
fields,  indication  bias  is  not  always  an  uncontrollable  source 
of  error.31  Several  studies  with  parallel  RCTs  and  obser- 
vational arms  have  found  similar  results  in  both.32-33  Out- 
come studies  may  be  particularly  helpful  in  evaluating  the 
effectiveness  of  standard  treatments  that  were  never  eval- 
uated with  RCTs  in  which  evidence  of  inefficacy  or  harm 
would  raise  serious  questions.  Outcomes  research  cannot 
substitute  for  RCTs  in  the  evaluation  of  new  therapies  whose 
efficacy  has  never  been  demonstrated. 

The  Cost/Risk  Matrix  &  Clinical  Trials 

The  Consensus  Statement  presents  a  matrix  of  study  end 
points:  engineering,  physiology,  and  clinical-outcomes  as- 
sessment. Study  designs  need  to  be  tailored  to  the  specific 
research  question  and  end  points  under  consideration.  The 
RCT  may  not  be  indicated  or  feasible  for  every  question.  The 
evidence  necessary  to  adopt  an  innovation  needs  to  be  pro- 
portional to  the  cost,  risk,  and  uncertainty  surrounding  the 
therapy.  Minor  engineering  improvements,  particularly  those 
that  lead  to  less-expensive  treatments,  may  only  require  bench 
testing.  In  this  setting,  randomization  is  not  necessary  be- 
cause test  equipment  can,  for  the  most  part,  be  expected  to 
perform  in  a  fashion  similar  to  test  animals.  Randomization 
is  important  in  evaluating  the  ability  of  new  ventilator  equip- 
ment to  meet  physiologic  efficacy  criteria.  The  paired  study 
design  offers  the  ability  to  improve  power  by  measuring  phys- 
iologic variables  before  and  after  the  experimental  inter- 
vention. Blinding  is  often  omitted  in  these  trials,  but  an  argu- 
ment can  be  made  for  its  use.  Potential  bias  can  even  be 
introduced  by  reading  gauges  and  choosing  when  to  perform 
blood-gas  assessments.  Consequently,  the  person  evaluat- 
ing the  end  point  or  making  assessment  decisions  should  not 
know  which  group  the  patient  is  in — caregivers  should  be 
blinded  to  the  assignment. 

Before  expensive  and  risky  medical  therapies  are  endorsed 


for  widespread  use  they  should  be  evaluated  by  an  RCT  using 
important  clinical  end  points.  It  is  imperative  that  these  stud- 
ies contain  a  plan  for  evaluating  costs.34  When  this  is  not  done 
as  part  of  the  study,  the  economic  impact  of  the  therapy  will 
eventually  need  to  be  modeled  on  incomplete  data.  Because 
cost-effectiveness  analyses  will  play  a  growing  role  in  the  de- 
cisions to  adopt  treatments,  high-quality  economic  data  are 
essential.  The  use  of  non-randomized  epidemiologic  studies, 
or  outcomes  research,  to  evaluate  therapy  is  still  evolving.  This 
technique  is  poorly  suited  to  the  evaluation  of  emerging  tech- 
nologies. Though  methodologically  imperfect,  outcomes  re- 
search provides  an  ongoing  critical  evaluation  of  real-world 
medical  effectiveness  that  is  not  available  by  any  other  means. 

In  Conclusion 

Randomized  controlled  clinical  trials  are  extremely  pow- 
erful research  tools.  The  ability  to  virtually  eliminate  bias  and 
confounding  greatly  enhances  our  ability  to  draw  causal  in- 
ferences about  medical  therapy.  Synthesizing  the  evidence 
to  select  appropriate  medical  treatments  places  society  in  a 
position  similar  to  the  practicing  clinician's  diagnostic  dilem- 
ma. Clinicians  frequently  are  forced  to  make  difficult  deci- 
sions with  incomplete  data.  The  best  test  cannot  always  be 
obtained  in  time  to  make  a  crucial  treatment  choice.  When 
we  are  faced  with  uncertainty,  a  more  expensive  or  danger- 
ous confirmatory  diagnostic  test  can  almost  always  be  done. 
Clinicians  must  balance  the  additional  information  from  ad- 
ditional testing  against  the  benefits  of  urgent  treatment  based 
on  available  data.  It  would  be  unreasonable  to  perform  bron- 
choscopy on  every  patient  with  a  pulmonary  infiltrate  or  a  mag- 
netic resonance  scan  on  every  patient  with  back  pain.  Sim- 
ilarly, every  question  about  treatment  effectiveness  cannot 
be  subjected  to  the  gold-standard  workup — a  randomized  con- 
trolled trial.  The  ideal  setting  for  an  RCT  is  one  where  the  po- 
tential costs  to  society  are  great,  where  the  potential  harm  to 
patients  is  significant,  and  where  great  uncertainty  exists. 
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Introduction 

A  study  from  the  Office  of  the  Assistant  Secretary  of  Health. 
Department  of  Health  Education  and  Welfare  (now  the  De- 
partment of  Health  and  Human  Services)  suggests  that  for  three 
different  major  diseases  85%  of  medicine  has  never  been  sci- 
entifically proven  to  produce  more  benefit  than  harm.1  Eco- 
nomic pressures  and  health-care  reform  have  forced  the  health- 
care industry  as  well  as  respiratory  care  to  carefully  question 
what  aspects  of  patient  care  are  ineffective  and  can  be  elim- 
inated.2 7  Respiratory  care  has  seen  an  explosion  of  new  tech- 
nology in  the  last  20  years.  Respiratory  care  is  by  its  nature 
highly  technologic  and  is  susceptible  to  the  allure  of  new  me- 
chanical ventilation  technology  that  promises  creative  solutions 
to  difficult  clinical  problems.  With  the  exception  of  high-fre- 
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quency  ventilators."  virtually  all  of  the  innovations  in  me- 
chanical ventilation  introduced  in  the  last  20  years  have  not 
required  proof  of  efficacy  prior  to  introduction  in  the  com- 
mercial clinical  arena.  This  has  left  us  with  a  legacy  of  un- 
proven  mechanical  ventilation  techniques  and  styles.9"13  Un- 
fortunately, we  know  relatively  little  about  which  innovations 
are  truly  efficacious  and  at  what  cost. 

Although  the  concept  of  using  only  therapies  that  can  be 
proven  to  provide  more  benefit  than  harm  seems  obvious,  im- 
plementing that  concept  is  not  a  simple  or  inexpensive  task. 
Assessment  of  new  technology  has  traditionally  fallen  into 
3  categories:  engineering  testing,  clinical  trials  with  intermediate 
outcome  measures,  and  outcome  studies.  Figure  1  illustrates 
typical  costs  for  each  type  of  technology  evaluation. 


Engineering 
Testing 
S20-100K 


Fig.  1 .  The  approximate  costs  of  three  different  types  of  technology 
assessment  for  mechanical  ventilation — engineering  testing,  clini- 
cal trials  with  intermediate  physiologic  outcome  measures,  and 
clinical  trials  using  outcome  measures  such  as  mortality. 
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Engineering  testing  is  the  easiest,  the  least  expensive,  and 
the  most  common  form  of  technology  assessment  in  mechan- 
ical ventilation.  Engineering  testing  establishes  that  a  new 
technology  functions  as  designed,  measures  its  likelihood 
for  failure,  and  documents  its  function  following  failure  con- 
ditions. Engineering  testing  is  essential  to  demonstrating  fea- 
sibility of  a  new  technology,  however,  it  does  not  prove  clin- 
ical efficacy. 

Mechanical  ventilation  is  used  to  care  for  patients  with  a 
wide  variety  of  respiratory  problems  from  simple  to  complex. 
Therefore,  no  one  measure  clearly  indicates  the  overall  'ben- 
efit' of  mechanical  ventilation.  Intermediate  outcome  mea- 
sures, such  as  Pa0:,  PaCO:<  pH,  Ppiateau-  and  Ppeak  are  attrac- 
tive because  they  are  easy  to  measure  frequently  and  thus  allow 
relatively  small  studies  of  moderate  cost  to  have  sufficient 
statistical  power  to  test  the  null  hypothesis.  However,  a  new 
technology  that  improves  Pao:  but  decreases  survival  is  not 
likely  to  garner  wholehearted  clinical  acceptance.  Ultimate 
outcome  measures,  such  as  changes  in  morbidity  and  mortal- 
ity, are  clearly  defensible  clinical  outcomes;  however,  a  clini- 
cal trial  designed  to  show  a  1 2%  difference  in  a  baseline  mor- 
tality of  50$-  would  require  over  400  patients.  If  a  59c  difference 
in  mortality  is  considered  clinically  important  and  worth  the 
risk  and  cost  of  the  new  technology,  a  study  of  over  1 ,000  pa- 
tients would  be  required  to  test  the  null  hypothesis  with  ade- 
quate statistical  power.  Such  a  large  multicenter  clinical  trial 
would  cost  in  excess  of  $3  million. 

The  cost  of  large  clinical  trials  can  be  borne  by  the  pharma- 
ceutical industry,  based  on  the  shear  volume  of  sales,  but 
the  profit  margin  does  not  allow  ventilator  manufacturers 
to  spend  millions  of  dollars  on  clinical  trials  for  every  in- 
novation. Figure  2  illustrates  the  fundamental  dilemma;  ask- 
ing that  all  technology  be  proven  clinically  efficacious  re- 
duces the  number  of  ineffective  products  reaching  the  market; 


Increasing  Cost  and  Complexity  of 
Performing  Technology  Assessment 

► 

Fig.  2.  The  tradeoffs  inherent  in  increasing  complexity  and  cost  of 
technology  assessment:  As  the  cost  and  complexity  increase,  the 
number  of  ineffective  technologies  identified  increases;  however, 
the  number  of  innovations  assessed  drops  markedly  as  industry 
can  no  longer  afford  to  bring  them  to  market. 


however,  it  also  stifles  the  introduction  of  many  that  are  ef- 
fective.14 How  can  we  as  a  respiratory  care  community  de- 
cide which  technologies  are  valuable  and  which  can  be  dis- 
carded? What  resources  are  available  for  technology 
assessment?  These  questions  loom  large  as  health-care  re- 
form descends  upon  us. 

Financial  Resources  Currently  Available 

A  MEDLINE  search  for  information  regarding  resources 
for  technology  assessment  revealed  no  references  for  the  field 
of  respiratory  care.  Financial  resources  for  conducting  assess- 
ment of  innovations  in  mechanical  ventilation  may  be  avail- 
able from  the  federal  government,  industry,  professional  so- 
cieties, consumer  groups,  insurers,  hospitals,  health-care 
corporations,  and  foundations. 

Federal  Government 

There  are  two  government  agencies  specifically  charged 
with  the  task  of  technology  assessment: 

The  Office  of  Technology  Assessment  (OTA) 
600  Pennsylvania  Ave  SE 
Washington  DC  20510-8025 
202-224-9241 

The  Office  of  Health  Technology  Assessment  (OHTA) 
Agency  for  Health  Care  Policy  and  Research  (AHCPR) 
6000  Executive  Boulevard,  Suite  309 
Rockville  MD  20852 
301-594-4023 

The  OTA  performs  only  the  technology  assessments  that 
are  assigned  to  them  by  committees  of  the  U.S.  Congress. 
These  assessments  are  reviews  of  existing  literature  and  sur- 
veys of  experts  in  the  field.  No  new  testing  or  clinical  trials 
are  conducted.  They  have  done  no  assessments  related  to  res- 
piratory care. 

The  OHTA  performs  technology  assessments  for  feder- 
ally funded  reimbursement  programs.15  These  federal  reim- 
bursement programs  include  the  Health  Care  Financing  Ad- 
ministration (HCFA)  and  the  Office  of  Civilian  Health  and 
Medical  Programs  of  the  Uniformed  Services  (OCHAMPUS). 
The  OHTA  has  developed  a  scoring  system  (Table  l)16  for 
prioritizing  technologies  as  candidates  for  assessment.  OHTA 
assessments  are  reviews  of  existing  literature  and  surveys  of 
experts  in  the  field.  No  new  testing  or  clinical  trials  are  con- 
ducted. They  have  done  no  assessments  related  to  mechan- 
ical ventilation;  however,  in  1991  they  performed  an  assessment 
of  intermittent  positive-pressure  breathing.17 

The  Public  Health  Service  (PHS)  supports  technology  as- 
sessment through  its  normal  investigator-initiated  grants  (R0 1 ) 
and  its  Small  Business  Innovative  Research  (SBIR)  programs. 
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Applications  are  made  through  the  standard  PHS  grant-ap- 
plication procedures  (Form  PHS  398).  Typical  agencies  with- 
in the  PHS  that  support  work  related  to  respiratory  care  are 
the  National  Institutes  of  Health  (NIH)  National  Heart,  Lung, 
and  Blood  Institute  (NHLBI),  and  the  AHCPR.  Information 
can  be  obtained  from  the  Office  of  Grants  Inquiries,  Division 
of  Research  Grants,  National  Institutes  of  Health,  Bethesda 
MD  20892,  Telephone:  301-496-7441. 


Office  of  Health  Technologies  Assessment  Scoring  System 
for  Prioritizing  Technologies  for  Assessment.* 


Score  Component 


Weight 


The  potential  for  a  technology  to  improve  health 
outcomes  or  to  affect  costs 
The  morbidity  and  mortality  associated  with  the 
health  condition 


Variations  in  current  practice 

The  economic  burden  posed  by  the  prevention, 

diagnosis,  treatment,  and  clinical  management  of 

the  health  condition 

Aggregate  cost  of  the  use  of  the  technology 

The  prevalence  of  the  health  condition 

The  ability  of  the  assessment  to  inform  ethical, 

social  or  legal  issues 


3.5 
2.8 


2.7 
2.7 
2.6 


*Each  component  is  given  a  score  ranging  from  1-5.  This  score  is  then  i 
by  the  weighting  factor,  and  the  results  are  summed."' 


tiplied 


In  the  past,  NIH  and  its  NHLBI  have  been  focused  on  basic 
science  research  and  relatively  uninterested  in  technology  as- 
sessment and  clinical  outcomes  research.  This  focus  may  be 
shifting  as  pressures  mount  to  provide  outcomes  research  doc- 
umenting the  benefits  of  technology.  In  1994,  NHLBI  es- 
tablished a  network  of  10  clinical  centers  to  conduct  over  the 
next  7  years  randomized  clinical  trials  of  new  technology  for 
treatment  of  patients  with  ARDS.  This  includes  mechanical 
ventilation.  The  first  trial  conducted  will  investigate  the  ef- 
ficacy of  small  tidal  volumes  with  permissive  hypercapnia. 
Investigator-initiated  R01  grant  applications  to  NIH  can  be 
submitted  through  the  regular  PHS  application  process.  R0 1 
grants  are  judged  on  scientific  merit,  with  NIH  policy  rele- 
vance a  secondary  concern.  SBIR  grants  are  a  potential  source 
of  NIH  funds  for  technology  assessment  for  small  businesses 
that  are  developing  an  innovative  technology.  Phase- 1  SBIR 
grants  are  typically  6-month  to  1-year  grants  and  are  focused 
on  taking  an  innovative  concept  to  the  point  of  proven  fea- 
sibility. Phase- 1  trials  are  limited  to  $75,000  in  direct  costs. 
Phase-2  SBIR  grants  are  designed  to  provide  resources  to  take 
a  new  technology  through  trials  designed  to  demonstrate  ef- 
ficacy. These  funds  can  be  used  to  conduct  larger  clinical  tri- 
als. Phase-2  trials  are  limited  to  $250,000  in  direct  costs.  Dur- 


ing 1993. 905  grants  were  awarded  (654  Phase  1,  251  Phase 
2)  for  a  total  of  $121  million.1"  Two  projects  were  somewhat 
related  to  respiratory  care:  ( 1 )  Long  Duration  Open-Circuit 
Respirator — Phase  1  and  (2)  Lighter,  Compact  Respirators 
for  Toxic  Vapor  Protection — Phase  2. 

Within  the  AHCPR.  the  Division  of  Quality  and  Technology 
Assessment  in  the  Center  for  General  Health  Services  Ex- 
tramural Research  is  primarily  responsible  for  assessment  of 
innovation.  Their  efforts  are  divided  between  Patient  Outcome 
Research  Teams  (PORTs)  and  investigator-initiated  R01  grants. 
The  PORTs  focus  on  identifying  the  most  effective  management 
for  a  particular  health  condition.  PORTs  are  multidisciplinary. 
multisite,  large  scale,  and  long  term.  Each  PORT  conducts  a 
literature  review  and  synthesis  including  meta-analysis.  They 
also  analyze  variation  in  medical  practice  from  existing  database 
information.  The  PORT  must  disseminate  its  findings  and  eval- 
uate the  effects  of  this  dissemination.  The  AHCPR  current- 
ly funds  14  PORTs.  None  of  these  are  in  the  field  of  respi- 
ratory care.  Investigator-initiated  R01  grant  applications  can 
be  submitted  through  the  regular  PHS  application  process.  R01 
grants  are  judged  on  scientific  merit,  with  AHCPR  policy  rel- 
evance a  secondary  concern.  In  general,  the  AHCPR  receives 
grants  focused  on  outcomes  research.  Research  directed  at  med- 
ical issues  that  impact  a  large  population  and  consume  large 
health-care  resources  are  more  desirable. 

The  National  Science  Foundation  (NSF,  4201  Wilson  Blvd. 
Arlington  VA  22230,  703-306-1234)  is  a  possible  source  of 
funding  for  innovation  assessment.  Investigator-initiated  R01- 
type  grants  can  be  submitted  using  the  standard  NSF  Grant 
Application  Process.  The  grant  proposals  are  judged  on  sci- 
entific and  technical  merit,  with  NSF  policy  relevance  a  sec- 
ondary concern.  Our  experience  suggests  that  their  interest 
is  in  innovative  scientific  methods  rather  than  the  assessment 
of  existing  technologies. 

Industry 

Industry  provides  a  large  portion  of  the  resources  currently 
applied  to  assessment  of  innovation  in  mechanical  ventila- 
tion and  performs  a  majority  of  the  engineering  testing  as  part 
of  their  research  and  development  of  new  products.  This  test- 
ing and  small  clinical  trials  using  intermediate  outcome  mea- 
sures are  the  foundation  of  their  FDA  submissions.  Marketing 
and/or  sales  departments  also  support  assessment  of  technology 
if  they  believe  that  the  results  of  the  study  will  be  useful  as 
a  marketing  tool.  Industrial  support  of  randomized  controlled 
clinical  trials  (RCTs)  or  other  outcomes  research  is  rare.  The 
notable  exception  to  this  has  been  the  assessment  of  high-fre- 
quency ventilation,  and  this  was  due  to  the  FDA  requirement 
that  these  devices  undergo  'pre-markef  approval  as  a  new 
life-support  device.  Industrial  technology  may  be  assessed 
internally  or  contracted.  Companies,  such  as  Citech  (Plymouth 
Meeting  PA)  provide  engineering  testing,  literature  reviews, 
and  assistance  with  FDA  submissions.  Academia  has  conducted 
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a  large  amount  of  industry-sponsored  engineering  testing  and 
is  the  sole  source  for  the  clinical  trials. 

My  experience  has  been  that  manufacturing  companies  are 
rarely  interested  in  supporting  a  large  definitive  clinical  trial 
to  prove  efficacy  or  effectiveness  of  new  technologies:  they 
want  to  do  the  minimum  necessary  for  FDA  approval  and  clin- 
ical acceptance.  A  definitive  trial  carries  high  risks  for  the  com- 
pany. What  if  the  result  is  that  the  new  technology,  for  which 
they  have  invested  millions,  is  shown  to  be  ineffective?  From 
a  business  perspective,  it  may  be  better  to  not  know  the  an- 
swers to  such  questions. 

Industry  typically  initiates  contact  with  outside  contrac- 
tors: however,  they  do  entertain  unsolicited  proposals  for  tech- 
nology assessment.  These  proposals  should  be  short  and  to 
the  point,  and  should  be  more  similar  to  a  business  prospec- 
tus than  a  PHS  grant  proposal. 

Consumer  Groups 

Consumer  groups,  such  as  the  University  Hospitals  Con- 
sortium (Evanston  IL),  are  putting  resources  into  assessment 
of  technology  to  improve  purchasing  decisions  for  the  entire 
consumer  group.  This  research  may  be  largely  review  of  lit- 
erature and  expert  opinion;  however,  it  can  also  include  en- 
gineering testing  and  small  clinical  trials.  ECRI  (Plymouth 
Meeting  PA)  is  a  nonprofit  research  agency  that  has  conducted 
a  large  number  of  technology  assessments  for  consumer  groups 
and  for  insurers  and  health-care  organizations.  They  provide 
engineering  testing  as  well  as  a  technology  information  ser- 
vice that  summarizes  technology  assessment  on  a  variety  of 
medical  devices. 


Insurers 

Third-party  payers  of  any  kind  have  a  vested  interest  in 
reducing  the  cost  of  health  care.  As  was  mentioned.  HCFA 
puts  resources  into  technology  assessment  through  the  OHTA. 
Other  insurance  companies  also  do  technology  assessment. 
Most  of  the  assessment  is  done  by  literature  review  and  ex- 
pert opinion.  It  may  include  engineering  testing.  It  is  rare  that 
insurers  pay  for  a  clinical  trial  of  any  kind. 

Hospitals  &  Health-Care  Organizations 

As  capitated  reimbursement  becomes  the  rule,  hospitals 
and  health-care  organizations  are  carefully  scrutinizing  all  of 
the  technology  with  the  hopes  of  being  able  to  eliminate  it. 
It  appears  to  be  exceedingly  difficult  to  convince  health-care- 
organization  managers  to  purchase  innovative  technology  in 
the  absence  of  a  compelling  cost/benefit  argument.  Contin- 
uous quality  improvement  (CQI)  and  continuous  process  im- 
provement (CPI)  dissect  health-care  processes  and  attempt 
to  improve  the  quality  of  care  and  reduce  costs.1923  An  inte- 
gral part  of  these  activities  is  technology  assessment.  Hospi- 
tals and  health-care  organizations  are  investing  large  resources 
into  these  efforts  in  the  hopes  of  identifying  effective  health- 
care processes  and  technology.  Assessment  includes  engineer- 
ing testing  and  clinical  trials  with  intermediate-cost  outcomes 
(ie,  length  of  stay).  Outcome  studies  are  rare;  however,  they 
have  been  performed  and  their  number  will  probably  continue 
to  grow.  The  key  to  these  resources  is  that  they  will  be  poured 
into  processes  that  are  viewed  by  the  organization  as  high  cost, 
high  volume,  and  high  waste.  Unfortunately,  unless  a  health- 


Table  2.      A  List  of  Foundations*  that  Have  Supported  Research  on  Respiratory-Health  Topics. 


American  Respiratory  Care  Foundation  (ARCFl 

1 1030  Abies  Lane 

Dallas  TX  75229-4593 

2-3  projects/year— $30,000  total 

The  Whitaker  Foundation 
901  15th  St  NW,  Suite  1000 
Washington  DC  20005 
4  projects/year— $360,000  total 

The  Chatlos  Foundation 
PO  Box  9 1 5048 
LongwoodFL  3279 1-5048 

The  Coca-Cola  Foundation 
One  Coca-Cola  Plaza  NW 
Atlanta  GA  303 13-3009 

The  Continental  Corporation 

180  Maiden  Ln,#12-B 

New  York  NY  MUMS 


Ira  W  DeCamp  Foundation 

c/o  Mudge.  Rose.  Guthrie.  Alexander.  &  Ferdon 

630  Fifth  Ave,  Suite  1650 

New  York  NY  10011 

Edouard  Foundation 
c/o  Phillips  Nizer,  et  al 

31  West  52nd  St,  15th  Floor 
New  York  NY  10019 

The  Francis  Families  Foundation 
800  West  47th  St,  Suite  604 
Kansas  City  MO  641 12 

Charles  A  Frueauff  Foundation 
307  East  Seventh  Ave 
Tallahassee  FL  32303 

Hashro  Children's  Foundation 

32  West  23rd  St 
New  York  NY  1 00 10 


The  Hearst  Foundation 
888  Seventh  Ave,  45th  Floor 
New  York  NY  10106-0057 

Ambrose  Monell  Foundation 
c/o  Fulton.  Duncombe.  &  Rowe 
30  Rockefeller  Plaza,  Room  3217 
New  York  NY  10112 

Pew  Charitable  Trusts 
One  Commerce  Square 
2005  Market  St,  Suite  1700 
Philadelphia  PA  19103-7017 

Rockefeller  Foundation 

420  Fifth  Ave 

New  York  NY  10018-2702 

Thrasher  Research  Foundation 
50  East  North  Temple  St.  7th  Floor 
Sail  lake  City  UT  84150 


In.  ed  with  permission  from  ; 


ch  ili >ne  using  Reference  2.* 
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care  organization  is  large,  it  may  be  difficult  or  impossible 
to  conduct  studies  large  enough  to  provide  unambiguous  an- 
swers to  the  research  questions. 

Foundations 

Table  2  contains  a  list  of  foundations  that  might  provide 
grants  for  respiratory  care  technology  assessment.24  As  you 
can  see,  there  is  no  strong  history  of  foundations'  funding  as- 
sessment of  mechanical  ventilation;  however,  future  funding 
is  not  impossible.  Foundations  tend  to  be  more  interested  in 
projects  that  appear  to  have  the  likelihood  of  having  a  large 
impact  on  humanity.  Assessing  mechanical  ventilator  tech- 
nology may  not  appeal  to  all  foundations  and  may  be  viewed 
as  too  narrow  a  topic,  with  little  impact  on  large  populations 
of  patients.  However,  most  foundations  do  accept  investigator- 
initiated  grant  proposals.  Each  foundation  has  different  re- 
quirements for  submission. 

Current  Status  of  Funding  for  Technology  Assessment 

Table  3  contains  examples  of  typical  mechanical  ventila- 
tion technology  assessment  studies  and  my  own  experience  with 
the  potential  for  funding  from  various  sources.  The  informa- 
tion in  Table  3  indicates  a  general  lack  of  interest  in  funding 
outcomes  research  on  mechanical  ventilation  technology.  At 
present,  industry  provides  the  largest  fraction  of  the  funding 
for  such  assessments.  Unfortunately,  this  is  far  below  the  amount 
of  funding  needed  to  assess  much  of  the  technology  in  me- 
chanical ventilation.  If  as  a  society  we  consider  that  somewhere 


between  30  and  85%  of  health-care  costs  are  spent  on  technology 
that  is  ineffective,1  it  seems  reasonable  to  invest  a  portion  (less 
than  30-85%)  of  the  national  health-care  budget  to  determine 
which  technologies  are  most  effective,  resulting  in  an  overall 
net  savings.  Unfortunately,  if  large-scale,  prospective,  randomized 
trials  focused  on  ultimate  outcomes  are  required  for  all  tech- 
nologies, the  costs  will  rapidly  consume  any  anticipated  sav- 
ings. The  current  costs  for  taking  a  new  drug  through  technology 
assessment — up  to  $194  million  and  7-10  years14 — is  an  ex- 
ample of  this.  This  process  prevents  harmful  technologies  from 
reaching  the  market;  but,  as  shown  in  Figure  2  it  also  prevents 
industry  from  even  considering  many  potentially  useful  tech- 
nologies. This  concept  is  supported  by  evidence  from  research- 
and-development  budgets  for  drug  companies  that  increased 
byonly4%(to  13.1  billion)  in  1994  compared  to  13.5%  in  pre- 
vious years.14  Medtronic  (Minneapolis  MN),  a  medical  device 
manufacturer,  now  spends  $75  million  to  develop  a  new  prod- 
uct25— three  times  what  it  cost  them  in  1990.  Few  medical  de- 
vices companies  can  support  this  kind  of  cost.  Nearly  80%  of 
device  makers  have  less  than  $20  million  in  revenues  each  year.25 
An  OTA  report  on  the  status  of  federal  programs  for  as- 
sessment of  medical  technology26  concluded  that  AHCPR's 
programs  have  created  a  fertile  ground  for  outcomes  research 
focused  on  clinical  outcome  measures  using  new  research  ap- 
plications of  large  databases.  OTA  concludes  that  "the  fed- 
eral effort  has  been  largely  unsuccessful  with  its  initial  charge: 
evaluating  the  comparative  effectiveness  of  alternative  treat- 
ments." PORTS  were  described  as  not  being  a  "particular- 
ly useful  tool  in  providing  valid,  believable  answers  about  com- 
parative effectiveness." 


Table  3.      Examples  of  Different  Technology  Assessment  Studies  and  the  Funding  That  Would  Probably  Be  Available  for  This  Study  Today. 


Technology  Assessment  Study 

Funding  Availability 

NIH 

AHCPR 

Industry 

Foundations 

Randomized  controlled  trial  (RCT)  comparing 

No,  no  mechanistic 

No,  not  a  big 

No,  does  not  sell 

No,  too  big  a 

pressure-control,  inverse-ratio  ventilation 

or  basic  science 

enough  problem 

ventilators,  not 

project 

(PCIRV)  and  volume-controlled  ventilation  (VCV) 

questions 

required  by  FDA 

400  Patients 

$1,000,000  over  3  years 

RCT  comparing  pressures  and  gas  exchange 

No,  who  cares  about 

No,  not  a  large 

No,  doesn't  promote 

No,  too  big  a 

between  PCIRV  and  VCV 

gas  exchange? 

enough  problem 

sales,  not  required  by 

project 

100  Patients 

FDA 

$200,000  over  2  years 

Cross-over  study  comparing  pressures  and  gas 

No,  poorly  designed 

No,  not  a  problem. 

OK  if  it  promotes  sales 

Maybe,  not  exciting 

exchange  between  PCIRV  and  VCV 

study 

bad  study 

or  if  needed  for  FDA 

idea 

20  Patients 

approval 

$20,000  over  1  year 

Take  the  new  ventilator  on  loan  for  6  months; 

No,  poorly  designed 

No.  not  a  problem. 

OK,  it  promotes  sales 

No,  not  science 

try  new  modes  on  some  patients;  publish  a 

study 

bad  study 

&  marketing 

paper  on  results 

$5,000 
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Unfortunately,  as  health-care  organizations  and  insurers 
are  being  'squeezed'  for  dollars,  refusal  to  pay  for  any  clin- 
ical procedures  viewed  as  experimental  is  a  growing  trend.25 
In  the  summer  of  1994.  Health  and  Human  Services  inves- 
tigators subpoenaed  records  from  132  research  centers,  in- 
cluding Mount  Sinai  (New  York  NY)  to  see  whether  govern- 
ment programs  were  fraudulently  billed  for  investigational 
cardiac  devices  in  the  past  7  years.  A  recent  article25  describes 
the  dilemma  of  the  patients  wanting  new  technology  to  im- 
prove outcomes  and  a  system  in  which  no  one  is  willing  to 
pay  to  develop  and  assess  this  new  technology.  They  draw 
the  analogy  of  a  "boiler  with  a  broken  relief  valve — pressure 
is  building,  and  an  explosion  seems  imminent."  Mount  Sinai 
has  responded  by  canceling  all  device  trials.  An  executive  of 
Medtronic  states  that  "This  is  one  of  the  most  important  is- 
sues in  the  research  world  today."25 

Future  Directions 

It  is  clear  that  we  have  a  problem.  Mechanical  ventilation 
is  a  field  that  is  filled  with  unproven  technology,  and  few  re- 
sources are  available  for  technology  assessment.  What  are  the 
options  open  to  us?  If  there  are  no  new  resources  available, 
the  obvious  solution  seems  to  be  to  reduce  the  cost  of  tech- 
nology assessment.  This  is  being  done  now  by  prioritizing 
technologies  and  focusing  only  on  technologies  that  are  in 
widespread  use  and  may  be  ineffective.16  This  does  reduce 
the  cost  of  assessment;  however,  it  also  reduces  the  poten- 
tial savings  and  leaves  a  large  pool  of  unproven  technology. 

OTA  in  their  analysis  of  this  field  made  the  following 
recommendations:26 

•  Conduct  more,  high-quality  meta-analyses  and  other  sys- 
tematic overviews  of  existing  studies,  to  make  the  best  use 
of  past  efforts  at  clinical  evaluation. 

OTA  would  implement  this  by  increasing  funding  for  sys- 
tematic reviews,  by  requiring  new  studies  to  prove  that  their 
hypothesis  has  not  already  been  answered  by  previous  work, 
and  by  maintaining  a  database  at  the  National  Library  of 
Medicine  containing  information  on  published  controlled  clin- 
ical trials. 

•  Conduct  more  and  more  efficient  clinical  trials  that  yield 
valid  comparative  information  on  existing  technologies, 
with  results  directly  useful  to  patient  and  clinician  de- 
cision making;  and  make  valid,  well-designed  compara- 
tive studies  an  intrinsic  part  of  ordinary  practice  in  every 
setting. 

They  envision  this  being  accomplished  by  close  col- 
laboration between  AHCPR  and  NIH,  establishment  of  a 
database  of  ongoing  clinical  trials  (both  federally  funded  and 


private),  and  the  investment  in  a  nationwide,  community- 
based  research  infrastructure  that  could  be  used  for  conducting 
large,  community-based  clinical  trials. 

•  Encourage  greater  comparative  evaluation  of  newly  in- 
troduced technologies  by  offering  incentives  to  manu- 
facturers, by  encouraging  or  requiring  payers  to  link  pay- 
ment for  new  technologies  only  if  it  is  part  of  a  clinical  trial 
for  assessment  of  effectiveness,  and  by  expanding  the  role 
of  government  in  sponsoring  technology  assessment. 

An  alternative  perspective  is  that  we  as  a  society  are  pay- 
ing for  technology  assessment  without  realizing  it.  Today's 
reality  is  that  every  year,  more  than  1  million  people  are  sup- 
ported with  mechanical  ventilators.  Each  of  these  patients 
is  a  miniature  clinical  trial  with  n  =  1.  The  clinician  choos- 
es the  ventilator,  mode,  and  management  carefully  to  pro- 
vide optimal  care.  This  means  that  a  huge  amount  of  resources 
are  spent  each  year  optimizing  management  of  mechanical 
ventilation.  If  even  $100/patient  is  spent  on  this  task,  a  total 
of  $  1 00  million  is  spent  each  year.  The  net  result,  howev- 
er, is  that  we  still  have  no  data  of  sufficient  power  to  fully 
determine  what  is  truly  effective.  However,  those  1  million 
patients  on  ventilators  could,  with  the  same  outlay  of  re- 
sources, serve  as  the  samples  for  100  large  clinical  trials  (n  = 
10,000),  and  100  important  technology-assessment  ques- 
tions could  be  answered  each  year! 

The  key  to  this  is  collaboration  among  members  of  the 
respiratory  care  community.  The  two  main  requirements  are: 
( 1 )  Standardized  data  collection  to  allow  data  from  many 
sites  to  be  easily  pooled.  (2)  Standardized  management  of 
mechanical  ventilation  to  assure  that  new  technology  is  used 
the  same  way  by  all  clinicians.  A  nationwide  community- 
based  respiratory  care  research  infrastructure  is  exactly  what 
OTA  is  suggesting  (See  the  second  recommendation,  above). 

Technology  assessment  has  been  and  always  will  be  a  cen- 
tral part  of  respiratory  care  practice.  In  the  future,  routine  res- 
piratory care  will  include  following  a  study  protocol  for  a  new 
device  or  drug;  however,  the  goals  will  remain  similar:  deliver- 
ing high  quality  respiratory  care,  charting  information  in  a  stan- 
dard manner,  and  following  patient-driven  protocols  for  the 
management  of  mechanical  ventilation.  Only  the  content  of 
the  research  protocols  would  change  from  study  to  study.  A 
collaborative,  nationwide,  respiratory  care  research  network 
may  be  the  only  viable  solution  to  the  resource  dilemma  posed 
by  assessment  of  new  mechanical  ventilation  technology. 
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Tapes,  &  Software 


Listing  and  Reviews  of  Books  and  Other  Media 

Note  to  publishers:  Send  review  copies  of  books,  films,  tapes,  and  softwa 
RESPIRATORY  CARE.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


Respiratory  Infections:  A  Scientific  Basis 
for  Management,  edited  by  MS  Niederman 
MD.  GA  Sarosi  MD,  and  J  Glassroth  MD, 

with  77  contributors.  Hardcover,  657  pages, 
illustrated.  Philadelphia:  WB  Saunders.  1994. 
$134.95. 

Drs  Niederman,  Sarosi,  and  Glassroth 
have  assembled  a  state-of-the-art  review  of 
respiratory  infections.  This  book  address- 
es the  current  resurgence  of  interest  in  res- 
piratory infections  and  meets  the  needs  of 
both  clinicians  and  scientists.  Certain  types 
of  infection  are  becoming  increasingly  more 
common  in  the  1990s,  eg,  nosocomial  pneu- 
monia. At  the  same  time  that  the  complex- 
ities of  respiratory  infections  are  increasing, 
the  technologies  for  diagnosis,  treatment  and 
prevention  are  expanding.  Presented  in  a  new 
format,  this  text  fulfills  a  need  for  current 
information  about  respiratory  infections. 

The  authors  focus  on  a  clinical  approach 
to  specific  populations  at-risk  for  respiratory 
infection.  This  systematic  and  clinical  ap- 
proach, rather  than  being  organism-direct- 
ed, encourages  health-care  providers  to  con- 
sider the  clinical  and  epidemiologic  picture 
of  the  patient  before  searching  for  a  specific 
microbial  cause  for  the  lung  infection.  The 
authors  have  exposed  a  firm  scientific  foun- 
dation for  such  an  approach;  and,  I  believe 


that  the  authors  have  accomplished  this  very 
well.  As  a  result,  the  book  provides  relevant 
information  for  understanding  the  patho- 
genesis of  pneumonia  and  other  respirato- 
ry infections  in  an  easy-to-read  and  compre- 
hensible text. 

Respiratory  Infections:  A  Scientific 
Basis  for  Management  is  divided  into  6 
sections.  The  book  starts  with  a  scientific 
review  of  infection  pathogenesis,  specifi- 
cally the  pathogenesis  of  pneumonia,  and 
provides  the  principles  upon  which  clini- 
cal assessment  and  diagnostic  and  thera- 
peutic strategies  are  based. 

The  next  section.  Clinical  Approach  to 
Upper  and  Lower  Respiratory  Tract  Infec- 
tions in  Specific  Populations,  provides  the 
clinical  core  because  it  is  devoted  to  respi- 
ratory infections  as  they  occur  in  specific  risk 
groups.  A  review  of  the  signs,  symptoms, 
and  likely  pathogens  for  lung  infection  in 
each  group  is  also  presented  in  this  section. 
The  objectives  are  to  direct  the  clinician  to 
early  consultation  with  other  professionals 
at  the  initial  evaluation  of  a  patient  and  to 
focus  on  the  diagnosis  and  therapy  appro- 
priate for  each  patient.  The  next  section  re- 
views the  specific  features  of  individual  res- 
piratory pathogens  that  cause  pneumonia. 

The  last  three  sections  contain  practical 
reviews  of  methods  for  handling  laborato- 


ry specimens,  using  therapeutic  antimicrobial 
agents,  and  preventing  respiratory  infections. 
In  all.  51  chapters,  by  77  contributing  au- 
thors, have  been  expertly  edited  so  that  lit- 
tle repetition  of  information  can  be  detected. 

This  text  is  concise  and  organized  so  that 
the  reader  can  easily  cull  and  understand  the 
information.  Tables  are  used  to  summarize 
information  in  each  chapter.  Figures,  chest 
radiographs,  schematic  drawings,  and  elec- 
tron microscope  images  illustrate  the  chap- 
ters very  well.  References  are  listed  at  the 
end  of  each  chapter.  The  index  at  the  end  of 
the  text  is  thorough. 

Respiratory  Infections:  A  Scientific 
Basis  for  Management  is  written  for  physi- 
cians. However,  this  reference  could  be  used 
by  all  health-care  providers  involved  in  the 
care  of  patients  with  respiratory  infections. 
I  would  recommend  that  therapist-level  res- 
piratory therapy  programs  obtain  a  copy  for 
their  faculty  and  students. 

Lynda  Thomas  Goodfellow  MBA  RRT 

College  of  Health  Sciences 

School  of  Allied  Health  Professions 

Department  of 

Cardiopulmonary  Care  Services 

Director  of  Clinical  Education 

Georgia  State  University 

Atlanta,  Georgia 
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American 
Association 

for 

Respiratory 
Care 


The  AARC  Human 
Resources  Survey: 
A  Study  of 
Respiratory  Care 
Human  Resources 
in  Hospitals 

Covers  a  wide  range  of  human  resource 

issues,  including  compensation,  numbers 

of  full-time  equivalents,  job  vacancy 

rates,  education,  credentialing,  and 

licensure.  Even  includes  information  on 

age,  sex,  and  years  of  experience.  Includes  comprehensive  summary, 

position  profiles,  salaries,  education,  experience,  credentials,  and  regional 

demographics.  Vacancies  are  inventoried.  68  pages,  66  tables. 

Item  BK12  $35  ($50  nonmembers) 


A  Study  of 
Chronic  Ventilator 
Patients  in  the 
Hospital 

Chronic  ventilator-dependent  patients 
are  costing  American  hospitals  more 
than  $9  million  per  day  according  to 
this  Gallup  study  conducted  for  the 
AARC.  This  important  study  provides 
information  on  patients  who  depend  on 
life-support  systems;  why,  how,  and 
where  they  are  being  treated;  and  the 
cost  of  treatment.  47  pages,  9  tables,  \2 
figures. 
Item  BK20  $25  ($50  nonmembers) 

A  Study  of 
Respiratory  Care 
Practice 

This  study  examines  the  practice  of 
respiratory  care  in  today's  health  care 
environment  and  how  hospital 
reorganization  is  affecting  the 
profession.  Includes  chapters  on  medical 
direction,  current  respiratory  care 
services,  nontraditional  services, 
respirator}'  care  protocols,  and  hospital 
service  reorganization.  38  pages, 
34  tables,  15  charts. 
Item  BK17  $20  ($40  nonmembers) 


1 

:,":-,. 

1 

American 

1 

Association 

for 

Respiratory 

] 

Care 

] 

American 

Association 

for 

Respiratory 

Care 

Policy  and 
Procedure 
Manual 


Save  time  and  money  bv 

making  your  department 

more  efficient  with  the 

Policy  and  Procedure 

Manual.  Its  130  pages  of 

policies  and  procedures 

cover  the  aspects  of 

administrative  and  clinical 

respiratory  care  for  both 

adult  and  pediatric  practice. 

Sections  on  administrative 

policies,  therapeutics,  clinical 

monitoring,  and  mechanical 

ventilation.  Standardized  formats  include  objectives,  indications, 

equipment,  policies,  contraindications,  troubleshooting,  procedures, 

hazards,  and  assessment  of  effectiveness. 

Item  BK6   $60  ($70  nonmembers) 


.'spir.iiipn  <   .in  I  iipirui 


Policy  & 

Procedure 

Manual 


Respiratory 
Home  Care 
Equipment 


Respiratory  Home  Care 

Equipment  exclusively 

covers  home  care 

equipment  with  practical 

applications  and  charts  on 

oxygen  concentrators, 

liquid  units,  air 

compressors,  and  home 

care  ventilators.  An 

invaluable  book  for  the 

home  care  practitioner  and 

equipment  technician. 

Details  home  care  devices, 

cleaning,  disinfecting,  and 

monitoring  procedures  to 

minimize  infection.  Includes  guides  for  educating  staff  on 

equipment,  therapy,  patient  assessment,  and  safety.  Features 

procedures  for  gas  administration  and  monitoring  devices, 

humidifiers  and  nebulizers,  artificial  airways  and  resuscitators, 

respirators,  and  ventilators.  By  Steven  P.  McPherson.  Hardcover, 

192  pages,  141  illustrations,  6  tables. 

Item  BK7  $9  ($12  nonmembers) 


Orders  with  credit  cards  or  P.O.  numbers  may  call 
(214)  243-2272,  or  Fax  to  (214)  484-2720. 
If  ordering  by  mail,  send  coupon  to: 
AARC  Order  Department,  11030  Abies  Lane, 
Dallas,  Texas  75229-4593. 


Allow  two  days  for  order  processing  for  regular  and  express  shipping  Addresses  outside  the 
continental  US  require  an  additional  $5  tor  orders  up  to  $100,  add  S10  for  orders  over  $100 


Order  Total 
$15  or  less 

UPS  Reg. 
3.25 

UPS  2nd  Day 
600 

UPS  Next  Day 
14.00 

$16  to  $30 

3.75 

8.00 

18.00 

S31  to  $50 

4.50 

11.00 

24.00 

$51  to  $75 

5.50 

13.00 

3  I  00 

$76  to  $100 

7.00 

16.00 

38.00 

$101  to  $125 

8.00 

19.00 

50.00 

$126  to  $150 

10.00 

22.00 

60.00 

-=* 


□  Please  send 
Item 


me  the  items  I  have  indicated  below. 

Description  Quantity 


Price  Each        Total  Price 


Ship  via  UPS  □  Regular    □  2nd  Day    D  Next  Day 
Please  use  the  chart  to  the  left  to  calculate  shipping. 

□  Check  or  Money  Order  enclosed  payable  to  the  AARC 

□  Bill  me,  my  P.O.  No.  is. 


Shipping  . 

Merchandise 

TOTAL 


□  Charge  to  my    o  Visa     □  MasterCard 

Card  # Exp.  Date Signature  ><_ 

AARC  Member  # Name 

Institution  

Address City/State/Zip 


IISPs... 

Individual  Independent  Study 
Packages  Assist  Practitioners 
In  Expanding  Their  Respiratory 
Care  Knowledge 

Smoking  Cessation      Clinical  Science 


Nicotine  Dependency 
Evaluation  and  Treatment 

Helps  you  understand  the 
physiologic  effects  of  nicotine  and 
the  tests  and  questions  used  to 
evaluate  dependency.  Provides  an 
understanding  of  nicotine,  its 
effects  on  brain  chemistry,  its 
measurement  in  bodily  fluids,  and 
the  value  of  self-tests  to  determine 
addiction  level.  Also  teaches  about 
nicotine  replacement  and  how  to 
enhance  it  with  behavioral 
counseling. 
Item  SCI    $10  each 
(SI 5  nonmembers) 

Bedside  Counseling  of  the 
Hospitalized  Smoker 

Prepares  you  for  the  role  of  a 
smoking  cessation  counselor  to 
hospital  inpatients  by  teaching 
assessment  and  bedside 
counseling.  Help  patients  cope 
with  nicotine  withdrawal,  increase 
motivation  for  permanent 
cessation,  and  understand  the 
factors  contributing  to  relapse. 
Item  SC2  S10  each 
($15  nonmembers) 

Neonatal 

Recognition  and 
Stabilization  of  the 
Premature  Infant  in 
Respiratory  Distress 

This  I  ISP  helps  you  identify 
primary  risk  factors  associated 
with  premature  birth.  Discusses 
and  explains  the  importance  of 
providing  a  neutral-thermal 
environment  for  the  premature 
infant  and  the  necessity  of 
continuous  noninvasive  oxygen 
monitoring  ot  the  premature 
infant  on  supplemental  oxygen. 
You  will  also  learn  to  recognize 
abei  rani  blood  gases  in  the 
neonate  and  oxygen  therapy 
initiation  with  an  oxvgcn  hood. 
ItemNNI    $10  each 
($15  nonmembers) 


Transpulmonary  Pressure 
Changes  in  Breathing 

Discusses  the  pulmonary 
pressures  and  how  they  vary 
during  normal  breathing  and  in 
special  situations.  Instructs  on 
barometric,  alveolar,  intrapleural, 
transpulmonary,  chest  wall,  and 
transthoracic  pulmonary 
pressures. 
Item  CSS  $10  each 
($15  nonmembers) 

Lung  Mechanics 

Assists  you  in  understanding  the 
pulmonary  characteristics  of 
compliance  and  resistance,  how 
these  characteristics  can  change, 
and  their  influence  on  mechanical 
ventilator  performance. 
Item  CS6  $10  each 
($15  nonmembers) 

Practical  Application  of 
Cas  Laws 

A  common-sense  approach  to  the 
gas  laws  and  how  to  apply  them  to 
respiratory  care.  Defines  the  laws 
of  Boyle,  Charles,  Gay-Lussac, 
Dalton,  Graham,  and  Henry- 
Item  CS7  $10  each 
($15  nonmembers) 

Tonicity  of  Solutions  and  the 
Respiratory  Tract 

Gives  you  an  understanding  of 
how  to  predict  the  effects  of 
therapeutic  solutions  on  the 
respiratory  tract  and  how  to 
utilize  them  in  the  treatment  of 
various  respiratory  tract 
pathologies. 
Item  CS8  $7  each 
($12  nonmembers) 

Carbon  Monoxide 
Inhalation:  Introduction  to 
Physiologic  Effects  and 
Respiratory  Management 

Explains  the  effects  of  carbon 
monoxide  inhalation  on  oxygen 
transport  mechanisms  in  the  body 
and  the  use  of  CO  in  physiologic 


tests  ot  pulmonary  function.  Also 
covers  recognition  signs  and 
symptoms,  treatment  of  CO 
poisoning,  and  the  equipment 
used  to  administer  therapy. 
Item  CS9  $10  each 
($15  nonmembers) 

Electrical  Safety  in 
Respiratory  Therapy  I: 
Basic  Electrical  Circuitry 

Enables  you  to  relate  the  basic 
principles  of  electrical  theory  to 
commonlv  used  equipment  and 
procedures  in  the  clinical 
environment  and  provides  you 
with  an  understanding  of 
electrical  safety  in  respiratory 
care. 

ltemCS12  $7  each 
($12  nonmembers) 

Electrical  Safety  in 
Respiratory  Therapy  II: 
Identification  of  Electrical 
Hazards 

Helps  you  identify  and,  where 
possible,  minimize  or  eliminate 
common  electrical  hazards. 
Teaches  differentiation  between 
electrical  hazards  and  which 
patients  and  hospital  personnel  are 
exposed. 

ltemCS13   $7  each 
($12  nonmembers) 

Bronchodilators  I: 
Sympathomimetic  Amines 

Understand  the  results  of 
stimulating  the  autonomic 
nervous  system  and  the  use  of 
sympathomimetic  drugs  to 
accomplish  bronchodilation. 
Exposes  you  to  basic  aspects  of 
adrenergic  bronchodilators  and 
the  patient  situations  for  which 
they  are  indicated. 
ltemCS14  $10  each 
($15  nonmembers) 

Bronchodilators  II:  Anti- 
cholinergics and  Xanthines 

Identifies  the  three  categories  of 
drugs  that  promote 
bronchodilation  and  the 
mechanism  of  action  for  each. 
This  package  also  provides 
examples  of  drugs  in  each 
category.  Clinical  situations  are 


presented  with  methods  of 
bronchodilaton  and  rationale  for 
method  selected. 
ItemCSIS   $10  each 
($15  nonmembers) 

Calculation  and  Preparation 
of  Respiratory  Medications 

Teaches  you  how  to  calculate  and 
prepare  percentage  solutions, 
ration  solutions,  solutions 
prepared  from  solutes  less  than 
100  percent  in  strength,  and  how 
to  prepare  dosages  from 
powdered  drugs. 
ltemCS16  $10  each 
($15  nonmembers) 

Microbiology  for  Respiratory 
Therapy:  A  Review  of 
Microbial  Growth  and  Cross- 
Contamination 

Provides  an  overview  of 
microbiology  in  respiratory  care, 
including  groups  and 
characteristics  of  microbes, 
requirements  for  microbial 
growth,  cross-contamination,  and 
prevention  of  transmission. 
Item  CS17  $9  each 
($14  nonmembers) 

Classification  of  Mechanical 
Ventilators  I 

Outlines  the  basic  concepts  of 
ventilator  classification  and  a 
mathematical  model  of  the 
respiratory  system  that  provides 
the  basis  for  classifying  ventilator 
control  systems.  Also  teaches  the 
specific  criteria  for  determining 
whether  a  ventilator  primarily 
controls  pressure,  volume,  or 
flow. 

ltemCS18  $10  each 
($15  nonmembers) 

Classification  of  Mechanical 
Ventilators  II 

You  will  learn  detailed 
information  about  the  control  of 
ventilation  in  terms  of  switching 
from  inspiration  to  expiration. 
You  will  also  be  introduced  to  the 
common  drive  mechanisms  used 
in  various  mechanical  devices. 
ltemCS19  $10  each 
($15  nonmembers) 


Order  the  complete  set  of  33  IISPs  and 


Save  30% 


ItemCPIO  $210  ($325.50  nonmembers) 


To  Order  by  Credit  Card  or  Purchase  Order,  Call  (214)  243-2272. 


Classification  of  Mechanical 
Ventilators  III 

Explores  the  output  waveforms 
that  ventilators  produce  and  their 
clinical  implications.  Instructs  in 
the  various  modes  of  ventilation  in 
terms  of  the  specific  combinations 
of  control  characteristics  along 
with  ventilator  performance 
testing  and  the  practical 
application  of  ventilator 
classification. 
ltemCS20  $10  each 
($15  nonmembers) 

Ventilation/Perfusion 
Relationships  in  Health  and 
Disease 

Covers  the  different  degrees  of 
hypoxia  commonly  encountered 
in  patients  with  pulmonary- 
disease.  Focuses  on 
ventilation/perfusion 
abnormalities,  which  account  for 
much  of  the  severe  hypoxia  in 
COPD,  with  alveolar 
hypoventilation  also  a 
contributing  factor. 
Item  C$21   $10  each 
($15  nonmembers) 

Patient  Evaluation 

Pulmonary  Function 

Assessment  I: 

Basic  Screening  Studies 

Understand  simple  spirometry 
results,  the  definition  of 
obstructive  and  restrictive 
pulmonary  disorders,  and  the 
basic  pathology  involved  in  each. 
Covers  the  four  reasons  for  simple 
spirometry  tests,  the  common 
parameters  of  lung  function,  and 


the  results  that  are  indicative  of 
obstructive  and  restrictive 
pulmonary  disorders. 
Item  PE3  $8  each 
($13  nonmembers) 

Pulmonary  Function 
Assessment  II:  Bedside 
Studies 

Familiarizes  vou  with  the  use  and 
interpretation  of  bedside 
pulmonary  function  tests.  Learn 
how  pulmonary  function  test 
results  are  used  to  assess 
ventilatory  ability  and  which  tests 
are  commonly  used.  Also  learn 
the  measuring  instrument  required 
for  each  test,  how  it  is  performed, 
and  what  is  significant  about  the 
results. 

Item  PE4   $7  each 
($12  nonmembers) 

Pulmonary  Function 
Assessment  III:  Lung  Volume 
Determination  and  Closing 
Volume  Studies 

Assists  in  the  recall  of  the  eight 
subdivisions  of  total  lung  volume 
and  their  individual  characteristics 
in  health  and  disease.  Discusses 
the  measurement  of  lung  volume 
by  nitrogen  washout,  helium 
dilution,  and  closing  volume 
techniques. 
Item  PES  $7  each 
($12  nonmembers) 

Body  Plethysmography 

Explains  the  theory  of  body 
plethysmography  and  its  use  in 
the  measurement  of  FRC  and 
■  resistance.  Defines  and 


describes  Boyle's  Law,  thoracic 
volume,  airway  resistance  and  its 
normal  values,  and  the 
measurement  of  airway  resistance. 
Item  PE6  $9  each 
($14  nonmembers) 

Sources  of  Error  in  the 
Determination  of  Blood  Cas 
Values  and  pH 

Familiarizes  you  with  the  errors 
that  may  occur  in  the  analysis  of 
blood  gases  and  pH.  These  are 
often  the  most  important 
laboratory  data  used  in  the 
diagnosis  and  treatment  of 
pulmonary  disease,  and  errors  in 
these  values  can  result  in 
deleterious  effects  on  patient  care. 
Item  PE7  $10  each 
($15  nonmembers) 

Temperature  Adjustment  of 
Blood  Cases  and  pH 

Teaches  you  the  effects  of 
abnormal  body  temperature  on 
blood  gas  and  pH  values.  Blood 
gas  values  and  pH  are  determined 
at  37  degrees  Celsius,  and  this 
package  teaches  you  how  to  adjust 
these  values. 
Item  PE8  $10  each 
($15  nonmembers) 

Updated!  Plotting 
Static  and  Dynamic 
Compliance  Curves 
During  Mechanical 
Ventilation 

Learn  how  to  compute  and  record 
static  compliance  curves  and 
dynamic  characteristics.  Also  learn 
the  procedure  of  obtaining 
pressure-volume  measurements 
and  interpret  the  compliance 
characteristics  measurements. 
Item  PE9  $10  each 
($15  nonmembers) 

Arterial  Blood  Cas 
Interpretation 

Teaches  you  ABG  interpretation 
in  order  that  the  prescribed 
therapy  can  be  administered  in  a 
knowledgeable  manner.  Describes 
a  systematic  method  that  allows 
you  to  correctly  classify  the 
acid/base  dysfunction  and  to 
relate  the  diagnosis  concisely  and 
coherently. 
Item  PE10  $10  each 
($15  nonmembers) 

Clinical  Practice 

Chest  Tubes  and  Pleural 
Drainage 

Helps  you  understand  the 
purpose  of  pleural  drainage,  how 
it  might  affect  the  patient's 
respiratory  status,  and  what 
precautions  you  must  take  when 
working  with  patients  who  are 
receiving  pleural  drainage. 
Item  CP3  $10  each 
($15  nonmembers) 


Tracheal  Intubation  I:  Upper 
Airway  Anatomy  and  Coals 
of  Intubation 

After  completing  this  IISP,  you 
will  understand  the  rationale  for 
tracheal  intubation  and  be  able  to 
identify  the  important  landmarks 
of  upper  airway  anatomy. 
Item  CP4  $7  each 
($12  nonmembers) 

Tracheal  Intubation  II: 
Routes  of  Intubation 

Describes  the  four  routes  of 
tracheal  intubation  and  some 
advantages  and  hazards  of  each. 
Also  presents  the  process  for 
selecting  the  most  suitable  route  in 
a  given  situation. 
Item  CP5  $7  each 
($12  nonmembers) 

Tracheal  Intubation  III: 
Equipment  Procedures  for 
Intubation 

Covers  the  selection  of  the  proper 

equipment  necessary  to  perform 

endotracheal  intubation  and  to 

ensure  that  they  are  in  working 

order. 

Item  CP6   $8  each 

($13  nonmembers) 

Respiratory  Management  of 
Neuromuscular  Crisis 

Teaches  respiratory  management 
of  patients  with  ventilatory  failure 
caused  by  a  neuromuscular 
disorder.  Provides  a  basic- 
understanding  of  how 
neuromuscular  conditions  lead  to 
ventilatory  insufficiency  and  the 
considerations  to  be  taken  when 
working  with  these  patients. 
Item  CP7  $7  each 
($12  nonmembers) 

Respiratory  Management  of 
Flail  Chest 

This  study  package  helps  you 
increase  your  understanding  of 
the  pathophysiology  of  flail  chest 
and  the  respiratory  management 
of  patients  who  have  sustained 
chest  wall  trauma  that  results  in  a 
flail  chest. 
Item  CP8  $10  each 
($15  nonmembers) 

Respiratory  Management 
of  Head  Trauma 

Teaches  identification  of  the  five 
physical  signs  indicative  of  head 
trauma  and  explains  the 
development  of  respiratory  failure 
secondary  to  trauma.  Also 
discusses  airway  management, 
drug  therapy,  ventilator 
parameters,  acid-base  status,  and 
measures  to  be  taken  to  maintain 
the  appropriate  pH,  PacO:  and 
PaO, 

Item  CP9  $10  each 
($15  nonmembers) 
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On  the  Air  Route* 

Although  this  chapter,  written  only  30  years  ago,  may  not  qualify  as  history,  it  is  a 
sort  of  medical  landmark — a  snapshot  of  one  approach  to  improving  the  health  of 
school  children  in  the  1960s,  and  much  (but  not  all)  of  the  information  could  be  of- 
fered today. 

Crystal  L  Dunlevv  EdD  RRT 


On  Mouth  Breathing 

Since  the  nose  is  especially  designed  to  act  as  an  air  con- 
ditioner, children  should  be  encouraged  to  breathe  through 
it.  Those  who  are  consistent  mouth  breathers  should  be  re- 
ferred to  the  nurse  or  the  physician  serving  the  school.  The 
habit  of  mouth  breathing  almost  always  indicates  that  some 
sort  of  obstacle  is  interfering  with  nasal  breathing.  Mouth 
breathing  has  many  disadvantages.  An  open  mouth  with 
droopy  lower  jaw  gives  the  face  a  dull,  vacuous  expression, 
and  many  a  bright  child  looks  stupid  if  he  is  obliged  to  breathe 
through  his  mouth.  The  passage  of  air  over  the  tongue  has 
a  drying  effect,  and  the  sense  of  taste  may  be  blunted.  Also 
interference  with  the  aeration  of  the  nose  and  sinuses  may 
favor  the  development  of  infection. 

On  Pneumonia 

Pneumonia  is  an  extension  of  a  respiratory  infection  into 
the  air  sacs  (alveoli)  of  the  lungs.  It  is  in  these  tiny  pouch- 
like blind  endings  of  the  smallest  branches  of  the  bronchial 
tree  that  the  exchange  of  oxygen  and  carbon  dioxide  between 
the  air  and  blood  takes  place.  What  happens  is  that  the 
causative  agents,  or  germs,  get  into  places  that  cannot  be  kept 
clean  by  the  moving  mucous  blanket  of  the  respiratory  pas- 
sages. Pneumonia  is  invited  and  encouraged  by  anything  that 
interferes  with  the  normal  escalator-like  operation  of  this 


*  From  Health  Observation  of  School  Children,  3rd  ed.  McGraw-Hill: 
New  York,  1965  by  George  M  Wheatley  MD  MPH  and  Grace  T  Hallock. 
Dr  Wheatley  was  Third  Vice  President  and  Medical  Director, 
Metropolitan  Life  Insurance  Co,  Division  of  Health  and  Welfare.  Ms 
Hallock  coauthored  the  series  entitled.  Health  for  Better  Living,  Health 
for  Life,  and  Health  Heroes. 

This  excerpt  was  made  available  to  RESPIRATORY  Care  by  Dr  Dunlevy 
who  is  Associate  Professor  and  Director  of  Clinical  Education, 
Respiratory  Therapy  Division,  School  of  Allied  Medical  Professions,  The 
Ohio  State  University,  Columbus,  Ohio. 


blanket,  which,  as  we  have  seen,  keeps  virulent  visiting 
pathogens  from  accumulating  and  mobilizing  for  invasion. 
That  is  why  the  development  of  pneumonia  is  so  often  as- 
sociated with  chilling  of  the  body  following  exposure  to  cold 
and  wet,  with  exhaustion  from  any  cause,  or,  more  especially, 
with  a  forerunning  attack  by  the  virus  of  the  common  cold 
or  influenza  virus. 

On  the  Dangers  of  Cigarette  Smoking 

Shortly  after  the  (Surgeon  General's  Advisory)  Commit- 
tee's report  was  published,  two  Harvard  School  of  Public  Health 
investigators  announced  that  one  natural  contaminant  of  tobacco 
may  prove  to  be  the  link  between  cigarette  smoking  and  lung 
cancer.  This  contaminant  is  the  radioactive  element  known  as 
polonium  210.  It  occurs  naturally  in  all  green  plants.  Its  dan- 
ger to  smokers  lies  in  the  fact  that  it  vaporizes  at  the  burning 
temperature  of  the  cigarette  and  is  carried  into  the  lungs  by  at- 
taching itself  to  smoke  particles.  For  a  man  smoking  two  packs 
of  cigarettes  a  day,  the  radiation  dose  to  the  bronchial  linings 
from  polonium  210  inhaled  in  cigarette  smoke  is  at  least  seven 
times  that  of  the  normal  radiation  dose  from  background  sources. 
It  has  long  been  known  that  radiation  can  produce  cancer  in 
man.  Radiation  from  inhaled  cigarette  smoke  may,  therefore, 
act  as  an  important  initiator  of  bronchial  cancer  in  smokers. 
Schools  with  comprehensive  health  education  programs  have 
for  many  years  included  whatever  information  was  available 
on  the  harmful  effects  of  smoking.  Now  that  the  cup  of  scientific 
and  statistical  evidence  is  full  to  overflowing,  the  opportuni- 
ties for  developing  realistic  educational  programs  that  will  ap- 
peal to  the  intelligence  of  thoughtful  junior  and  senior  high  school 
students  have  been  substantially  increased. 

On  Protecting  School  Children  from  Airborne 
Infections 

Correct  Use  of  Handkerchiefs.  The  proper  technique  of  cough- 
ing and  sneezing  is  a  form  of  good  manners  as  well  as  a  means 
of  avoiding  the  broadcasting  of  infection.  Children  should  be 
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trained  in  this  technique  until  it  becomes  habitual.  The  first 
requirement  is  the  possession  of  a  handkerchief.  In  blowing 
the  nose,  children  should  learn  to  blow  gently,  leaving  both 
nostrils  open  so  as  to  avoid  the  risk  of  driving  the  infection 
into  the  sinuses  or  middle  ear.  In  coughing,  the  handkerchief 
should  be  held  so  that  it  completely  covers  both  mouth  and 
nose.  In  sneezing  it  is  best  to  sneeze  naturally  through  the  mouth, 
with  the  handkerchief  held  as  in  coughing,  rather  than  politely 
through  the  nose.  Also,  children  should  learn  not  to  pull  out 
used  handkerchiefs  with  a  flourish  or  to  shake  them.  Exper- 
iments have  shown  that  the  shaking  of  dry  used  handkerchiefs 
releases  thousands  of  germs  into  the  surrounding  air. 

Proper  Seating.  Children  should  be  seated  as  far  apart  as  pos- 
sible. During  epidemics,  advantage  should  be  taken  of  empty 
seats  to  increase  the  spacing. 

Good  Ventilation.  Whatever  the  heating  and  ventilating  ar- 
rangements of  the  school  are,  provision  should  be  made  to 


keep  the  air  of  occupied  classrooms  constantly  in  motion.  Mov- 
ing air  helps  to  break  up  concentrations  of  airborne  germs. 

Hand-Washing  Facilities.  Although  hand  washing  may 
not  materially  affect  the  spread  of  airborne  infection,  it  is 
a  good  hygienic  habit  for  children  to  form.  The  facilities  re- 
quired to  make  hand  washing  effective  are  warm  water 
(preferably  running  water  from  a  tap),  soap,  and  individu- 
al cloth  or  paper  towels. 

School  Cleaning.  Airborne  germs  in  droplet  nuclei  or  on  dust 
particles  eventually  settle  on  the  floor  and  on  furniture.  They 
are  given  a  second  chance  to  find  victims  if  they  are  stirred 
into  the  atmosphere  during  cleaning.  The  floor  and  furniture 
finishes  and  the  methods  of  cleaning  in  modern  schools  re- 
duce the  raising  of  dust  to  a  minimum.  In  schools  without  these 
improvements,  the  use  of  damp  sweeping  and  damp  dusting 
is  recommended  as  a  means  of  reducing  the  contamination 
of  air  by  germs. 


FACE  TO  FACE  WITH  CHANGE 


AARC  41st  Annual  Convention  and  Exhibition 
December  2-5  •  Orlando,  Florida 


1000 


Respiratory  Care  •  September  '95  Vol  40  No  9 


Dont 
Forget! 


Send  for  the  latest  edition  of  the 
free  Consumer  Information  Cata- 
log. □  The  Catalog  lists  over  200 
selected  federal  publications  of 
consumer  interest  on  subjects  like 
health,  nutrition,  federal  benefits, 
money  management.  □  The  Cata- 
log is  free  and  so  are  many  of  the 
booklets.  D  Just  send  your  name 
and  address,  no  strings  attached. 
Write  today: 

Consumer  Information  Center 
Department  DF 
Pueblo,  Colorado  81009 


A  Study  of 
Respiratory 
Care  Practice 

This  study  examines  the 
practice  of  respiratory  care 
in  today's  health  care 
environment  and  how 
hospital  reorganization  is 
affecting  the  profession. 
Includes  chapters  on 
medical  direction,  current 
respiratory  care  services, 
nontraditional  services, 
respiratory  care  protocols, 
and  hospital  service 
reorganization.  38  pages, 
34  tables,  15  charts. 

ltemBK17$20 

($40  nonmembers) 
Add  $3.75  for  shipping. 


] 
1 
J 
] 
] 
I 
] 
I 


1        A  Study  of        1 

1  Respiratory  Care  1 

Practice 

1992 

American 

Association 

for 

Respiratory 

Care 

Call  (214)  243-2272  or 
Fax  your  order  to  (214)  484-6010 

American  Association  for 

Respiratory  Care 

11030  Abies  Ln. 

Dallas,  TX  75229-4593 


The  1994  bound  volume  of  RESPIRATORY  CARE  is  now  available. 

Volume  39  is  bound  in  a  blue-buckram  cover  and  may  be  imprinted,  free  of 
charge,  with  your  name  or  the  name  of  your  organization.  Each  volume  is 
s40  for  current  AARC  members  and  -80  for  nonmembers.  Shipping  is  included 
for  U.S.  and  Canadian  residents. 

Available  for  a  limited  time,  the  1 988, 1 989,  and  1 990  bound  volumes  are 
discounted  to  s30  (members)  and  s70  (nonmembers).  The  1 991  and  1 992 
bound  volumes  are  available  for  '35  (members)  and  75  (nonmembers). 

Orders  must  be  prepaid;  include  check,  institutional  purchase  order,  or  valid 
credit  card  number. 

990  volume  at  s30/s70 
989  volume  at  s30/s70 
988  volume  at  s30/s70 


_i  Visa         _i  Mastercard 
Exp.date 


Daedalus  Enterprises  Inc  •  PO  Box  29686  •  Dallas  TX  75229 
FAX  (214)  484-6010 


Is  a  staff 

position 

available  at 

yoor  facility? 

Then  why  not  recommend 

AARC  Times  to  your 

Human  Resources  Department? 

Simply  tell  them  to  call 
Jason  Pointe  at  (800)  528-1843. 

AARC  Times  has  the  best 
classified  ads  in  respiratory  care. 


RE/PIRATORy  C&RE 


Manuscript  Preparation  Guide 


General  Information 

Respiratory  Care  welcomes  original  manuscripts  related  to 
respiratory  care  and  prepared  according  to  these  Instructions. 
Manuscripts  are  blinded  and  reviewed  by  professionals  who  are 
experts  in  their  fields.  Authors  are  responsible  for  all  aspects  of 
the  manuscript  and  receive  galleys  to  proofread  before  publica- 
tion. Each  accepted  manuscript  is  copyedited  so  that  its  message 
is  clear  and  it  conforms  to  the  Journal's  style.  Published  papers 
are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  else- 
where without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication 
categories.  These  Instructions  and  related  materials  are  available. 
Write  to  Respiratory  Care,  11030  Abies  Lane,  Dallas  TX 
75229-4593.  call  (214)  243-2272,  or  fax  (214)  484-6010. 


Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page,  Abstract,  Introduction,  Methods.  Results, 
Discussion,  Conclusions,  Product  Sources.  Acknowledgments, 
References,  Tables,  Appendices.  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or  mod- 
ification. It  has  a  Title  Page.  Abstract,  Introduction,  Descrip- 
tion of  Device/Method/Technique,  Evaluation  Methods, 
Evaluation  Results.  Discussion,  Conclusions.  Product  Sources, 
Acknowledgments,  References,  Tables,  Appendices,  Figures, 
and  Figure  Captions. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or 
was  managed  in  a  new  way,  or  is  exceptionally  instructive.  All 
authors  must  be  associated  with  the  case.  A  case-managing 
physician  must  either  be  an  author  or  furnish  a  letter  approving 
the  manuscript.  Its  components  are  Title  Page,  Abstract,  Intro- 
duction, Case  Summary,  Discussion,  References,  Tables, 
Figures,  and  Figure  Captions. 


Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 

Point-of-View  Paper:  A  paper  expressing  personal  but  substan- 
tiated opinions  on  a  pertinent  topic.  Title  Page,  Text,  References, 
Tables,  and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  forego- 
ing categories  may  be  acceptable  as  a  Special  Article.  Consult 
with  the  Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
may  present  an  opposing  opinion,  clarify  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in  this 
Journal  or  about  other  pertinent  topics.  Tables  and  illustrations 
may  be  included.  Mark  "For  publication." 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving 
blood-gas  values — with  Questions,  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  of  pharmacology,  pharmacoki- 
netics, and  pharmacotherapy. 

Kittredge's  Corner:  A  brief  description  of  the  operation  of  res- 
piratory care  equipment — with  information  from  manufacturers 
and  editorial  comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary 
function  tests. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more 
radiographs,  may  involve  imaging  techniques  other  than  conven- 
tional chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 


Review  Article:  A  comprehensive,  critical  review  of  the  litera- 
ture and  state-of-the-art  summary  of  a  pertinent  topic  that  has 
been  the  subject  of  at  least  40  published  research  articles.  Title 
Page,  Outline.  Introduction,  Review  of  the  Literature,  Summary, 
Acknowledgments,  References.  Tables,  Appendices,  and  Figures 
and  Captions  may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  thai  has  fewer 
than  40  published  research  articles. 


Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper,  8.5  in.  x  1 1  in.  (216  x  279 
mm)  with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the 
page.  Use  double-spacing  throughout  the  entire  manuscript.  Use 
a  standard  font  (eg.  Times,  Helvetica,  or  Courier)  at  least  10 
points  in  size,  and  do  not  use  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  corners.  Indent  paragraphs  5 
spaces.  Do  not  justify.  Do  not  put  authors'  names  or  other  iden- 
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tification  anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page:  Title  Page,  Abstract,  Text,  Product-Sources  List, 
Acknowledgments,  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction,  Methods.  Results, 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg.  Patients,  Equipment, 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  Journal's  style  for  references.  Abbreviate  journal  names  as  in 
Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

1.  Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992;37(1 1 ):  1233-1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1: 

2.  Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  1991;15(Mar):61,62,64. 

Corporate  author  journal  article: 

3.  American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-dependent  patients  in  hospi- 
tals. Respir  Care  1988:33(1 1 ):  1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  infor- 
mation to  promote  retrieval.) 

4.  Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1986:89(3,  Suppl):139S-143S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those 
more  than  3  years  old  should  not  be  cited. ) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990:35(11): 
1087-1088. 

Editorial  in  journal: 

6.  Enright  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev 
Respir  Dis  1993;148(2):274. 

Editorial  with  no  author  given: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  pulmonary 
disease  (editorial).  Lancet  1992;340(8833):1440-1441. 


Letter  in  journal: 

8.    Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  1991;99(4):1051. 


Paper  accepted  but  not  yet  published: 

9.    Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary 
disease.  New  York:  Futura,  1990:76-85. 

Corporate  author  book: 

1 1 .  American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group,  1977. 

Chapter  in  book  with  editor(s): 

12.  Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  column  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  symbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  not  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  Use  the  same  typeface  as  in  the  text. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  be  listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any 
commercial  product  (including  model  number  if  applicable)  the 
first  time  it  is  mentioned,  giving  the  manufacturer's  name,  city, 
and  state  or  country.  If  four  or  more  products  are  mentioned,  do 
not  list  any  manufacturers  in  the  text;  instead,  list  them  on  a 
Product  Sources  page  at  the  end  of  the  text,  before  the 
References.  Provide  model  numbers  when  available  and  manu- 
facturer's suggested  price,  if  the  study  has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical 
standards  of  the  institution's  committee  on  human  experimenta- 
tion. State  that  informed  consent  was  obtained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that  the 
institution's  policy,  a  national  guideline,  or  a  law  on  the  care  and 
use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Cite  only  textbook  and  published  article  refer- 
ences to  support  choices  of  tests.  Identify  any  general-use  or  com- 
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mercial  computer  programs  used,  naming  manufacturers  and  their 
locations.  These  should  be  listed  on  the  product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated; 
temperatures  in  degrees  Celsius;  and  blood  pressures  in  millime- 
ters of  mercury  (mm  Hg).  Report  hematologic  and  clinical-chem- 
istry measurements  in  conventional  metric  and  in  SI  (Systeme 
Internationale)  units.  Show  gas  pressures  (including  blood  gas 
tensions)  in  torr.  List  SI  equivalent  values,  when  possible,  in 
brackets  following  non-SI  values — for  example,  "PEEP,  10  cm 
H;0  [0.981  kPa]."  For  conversion  to  SI,  see  RESPIRATORY  CARE 
1988;33(10):861-873  (Oct  1988)  and  1989;34(2):145  (Feb  1989). 

Conflict  of  Interest.  Authors  are  asked  to  disclose  any  liaison  or 
financial  arrangement  they  have  with  a  manufacturer  or  distribu- 
tor whose  product  is  part  of  the  submitted  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  (Such 
arrangements  do  not  disqualify  a  paper  from  consideration  and 
are  not  disclosed  to  reviewers.)  A  statement  to  this  effect  is 
included  on  the  cover-letter  page. 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and 
symbols.  Avoid  creating  new  abbreviations.  Avoid  all  abbrevia- 
tions in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an 
abbreviation  only  if  the  term  occurs  several  times  in  the  paper. 
Write  out  the  full  term  the  first  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Standard 
units  of  measurement  can  be  abbreviated  without  explanation 
(eg,  10  L/min,  15  torr.  2.3  kPa). 

Please  use  the  following  forms:  cm  HiO  (not  cmH20),  f  (not 
bpm).  L  (not  1),  L/min  (not  LPM,  l/min,  or  1pm),  mL  (not  ml), 
mm  Hg  (not  mmHg),  pH  (not  Ph  or  PH),  p  >  0.001  (not  p>0.001 ), 
s  (not  sec),  Spo2  (pulse-oximetry  saturation). 
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Mail  three  copies  of  the  manuscript,  figures,  diskette,  and  the 
Cover  Letter  &  Checklist  to  RESPIRATORY  Care,  1 1030  Abies 


Lane,  Dallas  TX  75229-4593.  Do  not  fax  manuscripts.  Protect 
figures  with  cardboard.  Keep  a  copy  of  the  manuscript  and  fig- 
ures. Receipt  of  your  manuscript  will  be  acknowledged. 

Computer  Diskettes.  A  manuscript  may  be  submitted  on  a 
Macintosh  or  IBM-DOS  diskette.  Macintosh  documents  on  3.5 
in.  diskettes  written  in  Microsoft  Word  versions  4.0  and  5.0  are 
preferred.  However,  we  can  convert  most  documents  (including 
PC-DOS  format)  to  our  format.  Label  each  diskette  with  date; 
author's  name;  name  of  word-processing  program  and  version 
used  to  prepare  documents;  and  filename(s).  Do  not  write  on  a 
diskette  except  with  a  felt-tipped  pen.  Tables  and  figures  must 
be  in  their  own  separate  files,  with  software  identified.  Supply  3 
hard  copies  of  the  manuscript  with  the  diskette. 

Prior  and  Duplicate  Publication.  Work  that  has  been  published 
or  accepted  elsewhere  should  not  be  submitted.  In  special 
instances,  the  Editor  may  consider  such  material,  provided  that 
permission  to  publish  is  given  by  the  author  and  original  pub- 
lisher. Please  consult  the  Editor  before  submitting  such  work. 

Authorship.  All  persons  listed  as  authors  should  have  participat- 
ed in  the  reported  work  and  in  the  shaping  of  the  manuscript;  all 
must  have  proofread  the  submitted  manuscript;  and  all  should  be 
able  to  publicly  discuss  and  defend  the  paper's  content.  A  paper 
with  corporate  authorship  must  specify  the  key  persons  responsi- 
ble for  the  article.  Authorship  is  not  justified  solely  on  the  basis 
of  solicitation  of  funding,  collection  or  analysis  of  data,  provision 
of  advice,  or  similar  services.  Persons  who  provide  such  ancillary 
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permissions  to  reproduce  previously  published  material  (figures 
or  tables);  to  use  illustrations  of,  or  report  sensitive  personal 
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WARNING:  Insufficient  Medical  Research 
Can  Be  Hazardous  To  Your  Health 


Too  many  Americans  are  suffering  and  dying 
needlessly  because,  as  a  nation,  we  don't  invest 
enough  in  medical  research. 

That's  why  former  Surgeon  General  C.  Everett 
Koop  is  joining  RESEARCH  {AMERICA,  an 
alliance  for  discoveries  in  health,  in  making 
this  simple  request: 


Take  action!  Let  your  voice  be  heard  in  support 
of  medical  research  as  the  nation's  No.  1 
national  priority. 

CALL  1-800  363  CURE  for  information  on  how 
to  deliver  your  WARNING. 


Research^  America 
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Clinical  Research — 
An  Imperative  for  Respiratory  Care 

As  in  past  years,  the  1995  Research  Symposium  is  designed 

to  meet  your  needs  as  a  respiratory  care  researcher  whether 

you  are  just  beginning  or  are  accomplished.  The  program  is  a 

mix  of  theory  and  application... 

Introduction  and  Overview 

James  K  Stoller  MD 

Identifying  a  Clinical  Question  and  Formulating  a  Hypothesis 

Shelley  Mishoe  PhD  RRT 

A  Vignette:  What  Is  a  Null  Hypothesis? 

Dean  Hess  PhD  RRT 

Reviewing  the  Literature  and  Finding  a  Mentor 

Joseph  L  Rau  Jr  PhD  RRT 

A  Vignette:  The  p  value— Just  What  Is  It? 

Dean  R  Hess  PhD  RRT 

Validating  Patient-Driven  Protocols — Choosing  a  Design 

Charles  G  Durbin  Jr  MD 

A  Vignette:  Getting  Your  Abstract  Accepted 

Kaye  Weber  MS  RRT 

Plan  to  attend  on  Tuesday, 

December  5, 1995 

9:00-11:00 am 


New  Products 
&  Services 


News  releases  about  new  products  and  services  will  be  considered  lor  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIRATORY  Care  Journal,  New 
Products  .ind  Services  Dept.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


PRESSURE  METER.  A  new  Mouth  Pres- 
sure Meter  (MPM)  is  released  by  Micro 
Direct  Inc.  The  new  MPM  is  a  hand-held 
device  developed  for  the  assessment  of 
respiratory  muscle  strength.  The  unit  fea- 
tures a  digital  display  in  cm  HiO  for  in- 
spiratory or  expiratory  pressure.  Accord- 
ing to  Micro  Direct,  the  meter  helps  mea- 
sure maximal  pressures  whenever  there 
is  an  unexplained  decrease  in  pulmonary 
function  requiring  maximal  patient  ef- 
fort or  whenever  respiratory  muscle 
weakness  is  suspected.  For  more  infor- 
mation, write  to  Micro  Direct  Inc.  Dept 
RC,  PO  Box  239.  Auburn  ME  042 10,  or 
call  (800)  588-3381.  When  you  call, 
please  mention  RESPIRATORY  CARE. 


Fluid  Transfer  Couplings.  Cou- 
plings for  fluid  transfer  are  now  offered 
by  Colder  Products  Company.  The  new 
product  division,  ProConnect™,  serves 
users  in  laboratory,  food  and  beverage, 
chemical,  agriculture,  and  water  pu- 
rification and  filtration  applications,  ac- 
Ci  irding  to  the  company.  The  couplings 
include  thermoplastic  couplings  of  ace- 


tal,  polypropylene,  polysulfone,  and 
chrome-plated  brass.  Configurations  in- 
clude panel  mount,  in-line,  elbow,  and 
a  variety  of  thread  types.  Termination 
sizes  range  from  1/16-in.  to  3/4-in.  tub- 
ing ID  hose  barbs,  and  thread  sizes  vary 
from  1/8  in.  to  3/4  in.  Flow  capacities 
up  to  23  gal/min  are  available.  The  coup- 
lings are  supplied  in  FDA,  USDA,  and 
NSF  standards.  Write  to  ProConnect, 
Dept  RC.  1005  Westgate  Drive,  St  Paul 
MN  55114.  Mention  RESPIRATORY 
Care  when  calling  (800)  391-9125. 


Tuberculosis — Return  of  an  Ancient 
Killer.  Suitable  for  all  health-care  pro- 
fessionals, the  video  explores  the  reap- 
pearance of  tuberculosis  in  the  US.  mul- 
tidrug-resistant  strains  of  tuberculosis 
and  poor  patient  compliance  with  ap- 
propriate therapy.  According  to  the  pro- 
ducers, worldwide,  tuberculosis  caus- 
es more  deaths  than  any  other  pathogen. 
To  obtain  the  video,  ask  a  Glaxo  sales 
representative  or  write  to  Glaxo  Inc. 
Dept  RC,  5  Moore  Drive,  Research  Tri- 
angle Park  NC  27709.  Please  mention 
Respiratory  Care  when  calling 
(800)  824-2896. 


One-Way-Valve    Mouthpiece. 

Safety  mouthpieces  that  offer  protection 
from  cross-contamination  during  multi- 
patient  screening  with  ASSESS®  peak 
flow  meters  are  available  from  Health- 
Scan  Products.  The  cardboard  mouth- 
pieces have  a  patented  one-way  valve 
that  prevents  patients  from  accidental- 
ly breathing  air  through  ASSESS  dur- 
ing peak  expiratory  flow  rate  testing.  For 
details  about  the  peak  flow  meter  or  the 
safety  mouthpiece,  call  HealthScan 
Products  Inc  at  (800)  962- 1 266.  Don't 
forget  to  mention  RESPIRATORY  CARE. 


Educational  Video.  Glaxo  Inc's 

Medical  and  Professional  Education  di- 
vision presents  a  new  16-minute  video. 


MULTITEST  ANALYZER.  Nova  Bio- 
medical releases  the  Stat  Profile  Ultra®. 
The  unit  consolidates  the  test  menus  of 
5  separate  laboratory  analyzers  to  mea- 
sure up  to  1 1  of  the  most  frequently  or- 
dered stat  tests.  The  analyzer  provides 
results  for  P0:.  Pco?.  pH,  S02%.  sodi- 
um, potassium,  glucose,  hematocrit,  ion- 
ized calcium,  ionized  magnesium,  and 
lactate.  Nova  claims  the  Stat  Profile 
Ultra  reduces  turnaround  times,  im- 
proves patient  outcomes,  reduces  costs, 
increases  patient  survival,  and  reduces 
transfusions.  In  addition,  the  unit  fea- 
tures automatic  calibration  and  sampling, 
a  test  menu,  on-board  quality  control, 
patient  data  storage,  and  password  pro- 
tection. The  analyzer  is  available  with 
a  Windows*-based,  Patient  Data  Man- 
agement option.  For  more  information, 
write  to  Nova  Biomedical,  Dept  RC,  200 
Prospect  Street,  Waltham  MA  02254. 
Mention  RESPIRATORY  CARE  when 
calling  (617)894-0800. 
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SYRINGE.  Becton  Dickinson  and  Com- 
pany introduces  a  new  low-waste  sy- 
ringe. The  newly  designed  MedSaver 
Syringe  has  a  permanently  attached 
needle  that  eliminates  the  syringe  tip  and 
needle  hub.  According  to  the  manu- 
facturer, this  special  design  provides 
cost  savings  by  increasing  the  number 
of  doses  in  multidose  vials  of  vaccines 
and  medications  used  in  intramuscular 
injections.  The  syringe  comes  in  6  com- 
binations of  volume,  gauge,  and  nee- 
dle length  For  more  information,  write 
to  Becton  Dickinson  and  Company, 
Dept  RC,  1  Becton  Drive,  Franklin 
Lakes  NJ  07417-1884.  When  calling 
(201)  847-4000,  please  mention  RES- 
PIRATORY Care. 


Room  Pressure  Monitor,  a  room 
pressure  monitor.  Model  RPM-1,  is 
Modus  Instruments  new  release.  The  de- 
vice uses  an  advanced  sensor  technol- 
ogy to  monitor  room-to-room  differential 
pressures  and  is  particularly  suited  for 
clean  room,  hospital,  biomedical  and  re- 
search applications  where  negative  or 
positive  room  pressures  are  controlled. 
According  to  Modus,  the  monitor  oper- 


ates by  switching  to  a  red  indicator  light 
when  a  preset  pressure  switch  is  trig- 
gered. An  LCD  display  indicates  the 
value  of  the  room  pressure  in  English 
or  metric  units.  The  monitor  can  be  ex- 
panded to  include  an  alarm  or  analog 
output.  Both  may  be  used  to  record  data. 
Information  is  available  by  writing  to 
Modus  Instruments  Inc.  Dept  RC,  10 
Bearfoot  Road,  Northborough  MA 
01532,  or  by  calling  (508)  393-8991. 
Please  mention  RESPIRATORY  CARE. 


Nasal  CPAP  System.  DeVilbiss 

Health  Care  Inc.  a  division  of  Sunrise 
Medical,  releases  a  new  Nasal  CPAP 
System,  Horizon."'  According  to  DeVil- 
biss. the  unit  is  compatible  with  its  Seal- 
Ring'"  and  CPAP  Mask  kit.  For  use  in 
both  home  and  clinical  settings,  the  Hori- 
zon can  provide  remote  polysomno- 
graphy outputs  for  snoring  events, 
mouth  breathing,  and  mask  leaks.  In  ad- 
dition, the  unit  is  equipped  with  a  1-year 
utilization  meter  that  provides  a  daily 
usage  history.  Other  features  are  a 
breathing  activation  system  for  easy 
starts,  a  pressure-delay  system  for  grad- 
ual transitions  for  a  10-,  20-,  or  30- 
minute  period,  and  a  microprocessor 
blower  control  system  for  adjusting  to 
pressure  changes  and  maintaining  pre- 
scribed pressure  levels.  For  details,  write 
to  DeVilbiss  Health  Care  Inc,  Dept  RC, 
PO  Box  635,  Somerset  PA  15501-0635, 
or  call  (800)  DeV-1988  in  the  U.S.  or 
(800)  263-3390  in  Canada.  Please  men- 
tion Respiratory  Care  when  you  call. 


Management  System.  Burdick  Inc 
introduces  the  PYRAMIS  ECG  Man- 
agement System,  a  powerful  system  with 
cost-effective,  time-saving  features  for 


hospital  ECG  tracking,  editing,  and  stor- 
age. According  to  the  product  manu- 
facturer, the  system  was  developed 
around  client-server  technology  for  max- 
imum power,  speed,  and  flexibility.  The 
management  system  features  a  standard 
communication  protocol,  bidirectional 
communication,  a  high  speed  modem  to 
facilitate  ECG  transmission,  and  bar  cod- 
ing capabilities  for  patient  information. 
In  addition,  the  system  saves  time  with 
demographic  editing  capabilities,  batch 
processing,  and  remote  workstations  as 
well  as  the  ability  to  interface  with  hos- 
pital information  systems.  The  system 
provides  storage  for  over  1  million  ECGs 
and  can  easily  be  upgraded.  For  details 
contact  Burdick  Inc,  Dept  RC,  Rolling 
Meadows  IL  60008  or  call  (800)  955- 
5177.  Remember  to  mention  RESPI- 
RATORY CARE  when  calling. 


PEP  Therapy  System.  According  to 

Diemolding  Healthcare  Division,  their 
new  TheraPEP  is  the  first  system  de- 
signed specifically  to  promote  secretion 
clearance  through  positive  expiratory 
pressure  therapy.  This  therapy  helps  mo- 
bilize secretions  in  COPD,  CF,  and  post- 
operative patients  who  are  unable  to  tol- 
erate conventional  chest  physical  ther- 
apy. The  system  features  a  pressure 
indicator  for  immediate  visual  feedback, 
six  orifice  options  for  prescribing  the  re- 
sistance level,  and  a  design  that  may  be 
used  with  a  mask  or  mouthpiece.  For 
more  information,  write  to  Diemolding 
Healthcare  Division,  Dept  RC,  125  Ras- 
bach  Street,  Canastota  NY  13032  or  call 
(800)  847-8000.  Don't  forget  to  men- 
tion Respiratory  Care. 
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Notices 


Notices  of  competitions,  scholarships,  fellowships,  examination  dates,  new  educational  programs,  and  the  like  will  be  listed  here  free  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days  before  the  desired  month  of  publication  ( January  1  for  the  March  issue, 
February  I  lor  the  April  issue,  etc).  Include  all  pertinent  information  and  mail  notices  to  R1-.SP1RAT0RY  CARK  Notices  Dept,  1 1030  Abies 
Lane.  Dallas  TX  75229-4593. 


1995  Publication  Awards 

$1,000 

Radiometer  Awards  tor  Best  Feature  Articles 

from  Test  Your  Radiologic  Skill. 

Blood  Gas  Corner.  Kittredge's  Corner. 

and  PFT  Corner 

accepted  for  publication  from 

November  1994  through  October  1995 

Sponsored  by  Radiometer  America 
(Divided  equally  among  three  winners) 


Respiratory  Care  Week 

October  1-7.  1995 

Ideas  and  products  for  Respiratory  Care  Week 

are  available  in  the 

1 995  RC  Week  Catalog, 

mailed  with  the  June  issue  of  AARC  Times. 

Call  the  RC  Week  hotline  at 

(214)243-1478. 


$1,000 

Best  Papers  by  1994  OPEN  FORUM  Participants 

Who  Have  Never  Published  as  First  Author 

Authors  must  present  the  abstract  at  the  Annual  Meeting 

and  submit  a  paper  based  on  the  abstract  to  the 

Editorial  Office  by  November  1.  1995 

Sponsored  by  Allen  &  Hanburys 

(Two  winners  -  $500  each) 

$2,000 

Best  Papers  on  OPEN  FORUM  Presentation 

Papers  accepted  for  publication  from 

November  1994  through  October  1995 

based  on  any  Open  Forum  presentation 

Sponsored  by  Allen  &  Hanburys 

(Two  winners  -  $1,000  each) 

$2,000 

Best  Paper  Published  in  RESPIRATORY  CARE 

Original  Study,  Evaluation,  or  Case  Report 

are  the  categories  for  consideration  for  papers 

accepted  for  publication 

December  1994  through  October  1995 

Sponsored  by  Allen  &  Hanburys 


FACE  TO  FACE  WITH  CHANGE 


AARC  41st  Annual  Convention 

&  Exhibition 

Orlando,  Florida 

December  2-5.  1995 

Look  for  this  year's  program  in  the 
September  issue  of  the  AARC  Times. 

Advance  programs  will  be  mailed 

September  13.  1995. 

The  registration  deadline  is 

November  11,  1995. 


The  National  Board  for 
Respiratory  Care 


$2,000 

Dr  Allen  DeVilbiss  Technology  Paper  Award 

Best  paper  published  from 

November  1994  through  October  1995 

thai  addresses  new  technology  or  a  new  application  of 

current  technology  in  respiratory  care 

(Plus  travel  expenses  to  the 

AARC  Annual  Convention  &  Exhibition) 


8310  Niemann  Road 
LenexaKS  66214 

For  information  about 

1995  or  1996 

Examination  &  Fee  Schedules 

call 

(913)599-4200 

or  FAX 

(913)541-0156 
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For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 
events  and  product  problems 


Form  Approved   OMB  No   0910-0291  Ex| 


A.  Patient  information 


Patient  identifier 


2    Age  at  time 
of  event: 


Date 
of  birth: 


3  Sex 

|     |  female 
|     |  male 


Page 


4   Weight 


Adverse  event  or  product  problem 


|    J  Adverse  event      and/c 


| |  Product  problem  (eg,  defects/malfunctions) 


Outcomes  attributed  to  adverse  event      . — . 

(check  all  that  apply)  U  disability 

|     |  congenital  anomaly 

|     |  required  intervention  to  prevent 


[2  death 


Q  life-threatening  permanent  impairment/damage 

|    |  hospitalization  -  initial  or  prolonged       Q  other: 


Date  of 
event 


4  Date  of 
this  report 


Describe  event  or  problem 


Relevant  tests/laboratory  data,  including  dates 


Other  relevant  history,  including  preexisting  medical  conditions  (e.g.,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc.) 


Mail  to:    MEDWATCH  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockville,  MD  20852-9787 


C.  Suspect  medication(s) 


1    Name  (give  labeled  strength  &  mfr/labeler,  if  known) 


2    Dose,  frequency  &  route  used 


3    Therapy  dates  (if  unknown,  give  duration) 


Diagnosis  for  use  (indication) 


6    Lot  #  (if  known) 


7    Exp.  date  (if  known) 


9    NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  □  no    DaW 


#2  Dves  □  no    DaW 


8    Event  reappeared  after 
reintroduction 

#1  Qyes  □  no    DgggPy"' 


#2  Dyes  □  no    DaW 


to    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1    Brand  name 


2    Type  of  device 


3    Manufacturer  name  &  address 


model  # 
catalog  # 

serial  # 

lot  #  


other  # 


4    Operator  of  device 

|  health  professional 
|  lay  user/patient 

Z2  o,ner: 


7    If  implanted,  give  date 

(mo/day/yr) 


9.  Device  available  for  evaluation?                (Do  not  send  to  FDA) 
Zl    yes  ^|  no  _]  returned  to  manufacturer  on 


10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  back) 


1      Name,  address  &  phone  # 


2    Health  professional? 

□   yes       □    no 


3.     Occupation 


If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      LJ 


4    Also  reported  to 

J      manufacturer 
]      user  facility 
]      distributor 


)A  Form  3500  (6/93)  Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    for  more  information  or  to 

report  quality  problems 
•1-800-822-7967     for  a  VAERS  form 
for  vaccines 

If  your  report  involves  a  serious  adverse 
event  with  a  device  and  it  occurred  in  a  facility  out- 
side a  doctor's  office,  that  facility  may  be  legally  required 
to  report  to  FDA  and/or  the  manufacturer.   Please  notify 
the  person  in  that  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity  may  be  shared  with  the 
manufacturer  unless  requested  otherwise.   However, 
FDA  will  not  disclose  the  reporter's  identity  in  response  to 
a  request  from  the  public,  pursuant  to  the  Freedom  of 
Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information 
Send  your  comments  regarding  this  burden  estimate  or  any 
other  aspect  of  this  collection  of  information,  including  sug- 
gestions for  reducing  this  burden  to 


Reports  Clearance  Officer,  PHS 
Hubert  H.  Humphrey  Building. 
Room  721 -B 

200  Independence  Avenue.  S  W 
Washington.  DC   20201 
ATTN:  PRA 


and  to 

Office  of  Management  ar 

Budget 

Paperwork  Reduction  Pr 

(0910-02301 

Washington,  DC   20503 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


FDA  Form  3500-back 


Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO  FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


MEl^TCH 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 
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1996  Call  for  Abstracts 


Respiratory  Care  •  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal,  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  in- 
vited to  present  posters  at  the  OPEN  FORUM  during  the  AARC 
Annual  Meeting  in  San  Diego,  California,  November  3-6  1996. 
Accepted  abstracts  will  be  published  in  the  October  1996  issue 
of  RESPIRATORY  Care.  Membership  in  the  AARC  is  not  re- 
quired for  participation. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  (1)  an  original  study,  (2)  the  eval- 
uation of  a  method  or  device,  or  (3)  a  case  or  case  series. 

Topics  may  be  aspects  of  adult  acute  care,  continuing  care/re- 
habilitation, perinatology/pediatrics,  cardiopulmonary  tech- 
nology, or  health-care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  nation- 
al— meeting  and  should  not  have  been  published  previous- 
ly in  a  national  journal.  The  abstract  will  be  the  only  evidence 
by  which  the  reviewers  can  decide  whether  the  author  should 
be  invited  to  present  a  poster  at  the  OPEN  FORUM.  Therefore, 
the  abstract  must  provide  all  important  data,  findings,  and 
conclusions.  Give  specific  information.  Do  not  write  such  gen- 
eral statements  as  "Results  will  be  presented"  or  "Significance 
will  be  discussed." 

Essential  Content  Elements 

Original  study.  Abstract  must  include  ( 1 )  Background: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  permit  judgment  of  validity;  (3)  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statis- 
tical analysis;  (4)  Conclusions:  interpretation  of  the  meaning 
of  the  results. 

Method/device  evaluation.  Abstract  must  include  ( 1 )  Back- 
ground: identification  of  the  method  or  device  and  its  intended 
function;  (2)  Method:  description  of  the  evaluation  in  suffi- 
cient detail  to  permit  judgment  of  its  objectivity  and  valid- 
ity; (3)  Results:  findings  of  the  evaluation;  (4)  Experience: 
summary  of  the  author's  practical  experience  or  a  lack  of  ex- 
perience; (5)  Conclusions:  interpretation  of  the  evaluation  and 
experience.  Cost  comparisons  should  be  included  where  pos- 
sible and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  ( 1 ) 
Introduction:  Relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summary:  Patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  Content  should  re- 
flect results  of  literature  review.  The  author(s)  should  have 
been  actively  involved  in  the  case  and  a  case-managing  physi- 
cian must  be  a  co-author  or  must  approve  the  report. 


Abstract  Format  and  Typing  Instructions 

Accepted  abstracts  will  be  photographed.  The  first  line  of 
the  abstract  should  be  the  tide  in  all  capital  letters.  Title  should 
explain  content.  Follow  title  with  names  of  all  authors  (in- 
cluding credentials),  institution(s),  and  location.  Underline 
presenter's  name.  Type  or  electronically  print  the  abstract  sin- 
gle spaced  in  the  space  provided  on  the  abstract  blank.  In- 
sert only  one  letter  space  between  sentences.  Text  submis- 
sion on  diskette  is  encouraged  but  must  be  accompanied  by 
a  hard  copy.  Identifiers  will  be  masked  (blinded)  for  review. 
Make  the  abstract  all  one  paragraph.  Data  may  be  submitted 
in  table  form,  and  simple  figures  may  be  included  provided 
they  fit  within  the  space  allotted.  No  figures,  illustrations,  or 
tables  are  to  be  attached  to  the  abstract  form.  Provide  all  au- 
thor information  requested  at  the  bottom  of  abstract  form.  A 
clear  photocopy  of  the  abstract  form  may  be  used.  Standard 
abbreviations  may  be  employed  without  explanation.  A  new 
or  infrequently  used  abbreviation  should  be  preceded  by  the 
spelled-out  term  the  first  time  it  is  used.  Any  recurring  phrase 
or  expression  may  be  abbreviated,  if  it  is  first  explained.  Check 
the  abstract  for  ( 1 )  errors  in  spelling,  grammar,  facts,  and  fig- 
ures; (2)  clarity  of  language;  and  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may  not 
be  reviewed.  Questions  about  abstract  preparation  may  be  tele- 
phoned to  the  editorial  staff  of  RESPIRATORY  CARE  at  (214) 
243-2272. 

Deadline  Allowing  Revision 

Authors  may  choose  to  submit  abstracts  early.  Abstracts 
postmarked  by  February  11,  1996  will  be  reviewed  and  the 
authors  notified  by  letter  only  to  be  mailed  by  March  22, 
1996.  Rejected  abstracts  will  be  accompanied  by  a  written 
critique  that  should,  in  many  cases,  enable  authors  to  revise 
their  abstracts  and  resubmit  them  by  the  final  deadline  (April 
28,  1996). 

Final  Deadline 

The  mandatory  Final  Deadline  is  April  28  (postmark).  Au- 
thors will  be  notified  of  acceptance  or  rejection  by  letter  only. 
These  letters  will  be  mailed  by  July  15,  1996. 

Mailing  Instructions 

Mail  (Do  not  fax!)  2  clear  copies  of  the  completed  abstract 
form,  diskette  (if  possible),  and  a  stamped,  self-addressed  post- 
card (for  notice  of  receipt)  to: 

Respiratory  Care  Open  Forum 

11030  Abies  Lane 

Dallas  TX  75229-4593 


Respiratory  Care  •  September  '95  Vol  40  No  9 


1013 


1996  Respiratory  Care  Open  Forum 

Abstract  Form 


13.9  cm  or  5.5" 


1 .  Title  must  be  in  all 
upper  case  (capital) 
letters,  authors'  full 
names  and  text  in 
upper  and  lower  case. 

2.  Follow  title  with  all 
authors'  names 
including  credentials 
(underline  presenter's 
name),  institution,  and 
location. 

3.  Do  not  justify  (ie, 
leave  a  'ragged'  right 
margin). 

4.  Do  not  use  type  size 
less  than  10  points. 

5.  All  text,  tables,  and 
figures  must  fit  into 
the  rectangle  shown. 

6.  Submit  2  clean  copies. 
This  form  may  be 
photocopied  if 
multiple  abstracts  are 
to  be  submitted. 


Mail  original  & 
1  photocopy 
(along  with  postage- 
paid  postcard)  to 

Respiratory  Care 
Open  Forum 

11030  Abies  Lane 
Dallas  TX  75229-4593 


Early  deadline  is 
February  11,  1996 

(postmark) 

Final  deadline  is 

April  28,  1996 

{postmark) 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
RESPIRATORY  CARE.  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events,  RESPIRATORY  CARE. 
1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

September  19  AARC  Videoconference.  The  AARC,  in  conjunction  with  VHA 
Satellite  Network,  presents  the  6th  installment  of  the  7-part  "Professor's  Rounds 
in  Respiratory  Care"  videoconference  series.  This  conference,  "Organizing 
a  Respiratory  Care  Department  Without  Walls,"  focuses  on  how  to  establish 
respiratory  services  in  the  post-acute-care  setting.  Each  videoconference  in 
the  series  airs  from  12:30-2  p.m.  Eastern  Time;  viewers  of  the  live  presentation 
receive  1  hour  of  CRCE  credit.  For  information,  call  VHA  Satellite  Network 
at  (214)  830-0061. 

September  21-22  in  Napa,  California.  Chapter  10  of  the  CSRC  the  Amer- 
ican Lung  Association  of  the  Redwood  Empire  and  the  Respiratory  Ther- 
apy Program  at  Napa  Valley  College  present  the  13th  Annual  Napa  Valley 
Conference.  Topics  include  therapist-driven  protocols,  primary  care  con- 
cerns in  HIV.  sleep-related  breathing  disorders,  pediatric  trauma  triage,  and 
ethics  in  ventilator  termination.  Contact  Kate  Benscoterat(707)  253-3145. 

September  21-22  in  Pittsburgh,  Pennsylvania.  The  Southwest  District 
of  the  PSRC  announces  the  22nd  Annual  Physiology  and  Medicine  Meet- 
ing at  the  Sheraton  Hotel,  Station  Square.  Specialty  tracts  include  man- 
agement, nursing,  and  a  new  continuum-of-care  tract.  Contact  St  Fran- 
cis Medical  Center's  Continuing  Medical  Education  at  (412)  622-4100. 

September  22-23  in  Chicago,  Illinois.  The  AARC  announces  the  Regional 
Seminar  —  "Creating  Tomorrow's  Respiratory  Care  Department. .  Today!" 
—  at  the  Chicago  O'Hare  Marriott.  The  seminar  for  managers  and  staff  de- 
scribes strategies  to  make  changes,  adapt  to  them,  and  survive  in  tomor- 
row's (and  today's)  health-care  system.  Specific  presentations  include  "RCP 
2001:  Future-Casting  the  Needs  of  the  Health  Care  System  of  the  Future." 
"The  Clinical  Side:  How  Patient  Care  Services  Are  Changing  in  Respira- 
tory Care  Departments,"  and  "Putting  It  All  Together:  Making  Money,  Sav- 
ing Money.  Expanding  Services."  The  seminar  is  approved  for  up  to  1 0  hours 
of  CRCE  credit.  Call  the  AARC  Executive  Office  at  (214)  243-2272  or  fax 
(214)  484-2720  for  program  information. 

September  26-27  in  Honolulu,  Hawaii.  The  HSRC  and  the  American  Lung 
Association  of  Hawaii  host  the  22nd  Annual  Respiratory  Care  Conference 
at  the  Hilton  Hawaiian  Village  Hotel.  Topics  include  treatment  of  airway 
obstruction  by  therapist-driven  protocol,  clinical  trials  in  liquid  ventilation, 
an  update  on  high-frequency  ventilation,  newer  forms  of  mechanical  ven- 
tilation by  protocol,  and  metabolic  monitoring.  Contact  Wendell  Inouye  RRT, 
at  Kapiolani  Medical  Center  for  Women  and  Children,  (808)  973-8689,  fax 
(808)973-4730. 


October  11-13  in  Columbus,  Ohio.  The  OSRC  announces  its  19th  Annual 
Meeting  at  the  Holiday  Inn  Conference  Center  at  Worthington.  Featured  dis- 
cussions include  clinical  care  of  the  patient  and  current  topics  affecting  res- 
piratory care.  Breakout  sessions  are  available  in  management,  student  ed- 
ucation, and  blood  gas  laboratory  management.  CRCE  credit  has  been  re- 
quested. Contact  Dan  Wine.  Program  Planning  Chairman.  Respiratory  Care 
Department.  Grady  Memorial  Hospital,  561  W  Central  Ave,  Delaware  OH 
43015,(614)368-5315. 

October  13  in  Colorado  Springs,  Colorado.  The  Southern  Chapter  of  the 
CSRC  presents  the  2nd  Annual  Southern  Colorado  Pulmonary  Medicine  Sym- 
posium at  the  Holiday  Inn,  Garden  of  the  Gods.  Topics  include  neonatal  ven- 
tilation, partial  liquid  ventilation  of  the  adult,  current  trends  in  sleep  disorder 
management,  and  reactive  airways  disorders  in  respiratory  therapists.  Reg- 
istration is  $15  and  includes  lunch;  participants  can  earn  up  to  5  hours  of  CRCE 
credit.  Contact  Barry  Beard  at  (719)  776-521 1. 

October  13  in  Pikeville,  Tennessee.  The  TSRC  presents  its  2nd  Annual  Fall 
Fest  at  Fall  Creek  Falls  State  Park.  Topics  include  benchmarking  and  de- 
veloping critical  pathways.  Contact  Colleen  Schabacker  at  (615)  384-1731. 

October  13-14  in  Boise,  Idaho.  The  ISRC  hosts  its  annual  educational  fall 
meeting,  "Surviving  Change,"  at  the  Red  Lion,  Riverside,  in  conjunction 
with  the  2nd  Annual  John  Butler  Lung  Conference.  The  fee  for  AARC  mem- 
bers is  $30;  CRCE  credit  has  been  requested.  Contact  Leslie  Ann  Mulder 
at  (208)  336-3391. 

October  20  in  Uniondale,  New  York.  The  Southeastern  Chapter  of  the  New 
York  State  Society  for  Respiratory  Care  hosts  its  27th  Annual  Symposium 
at  the  Marriott  Hotel.  The  symposium,  "The  Wheel  of  Change — Are  We  Pre- 
pared?" features  a  managers'  breakfast,  50  exhibitor  booths,  and  the  annual 
awards  luncheon.  Contact  Ralph  Cavallo  at  (212)  523-3101  or  Michael  Karol 
at  (718)  470-7680. 

OTHER  MEETINGS 

September  27  in  Palm  Beach  Gardens,  Florida.  The  American  Lung  As- 
sociation (ALA)  of  Southeast  Florida  announces  its  Asthma  Management 
Symposium  from  7:45  AM  to  3:45  PM  at  the  Palm  Beach  Gardens  Marriott. 
The  course  covers  recent  developments  in  the  diagnosis  and  management 
of  asthma,  including  compliance,  barriers  to  compliance,  the  role  of  the  fam- 
ily, and  medications  and  proper  administration.  The  course  is  approved  for 
6  Category  I  hours  of  CRCE  credit.  Contact  the  ALA  of  Southeast  Florida 
at  (407)  659-7644. 


October  5-6  in  Albany,  New  York.  The  Northeastern  Chapter  of  the 
NYSSRC  hosts  its  Annual  Teaching  Day  at  the  Desmond  Inn.  Featured  top- 
ics include  lung  reduction  surgery,  management  of  the  difficult  airway,  and 
current  concepts  in  pediatric  asthma  therapy.  Other  events  include  Sputum 
Bowl  competitions  and  an  open  forum  panel  of  area  pulmonologists.  Con- 
tact Dawn  Bentley  or  Bill  Wenzel,  Respiratory  Care  Department,  St  Peter's 
Hospital,  315  S  Manning  Blvd.  Albany  NY  12208,  (518)  454-1062. 


October  5-6  in  Asheville,  North  Carolina.  The  Mountain  Area  Health  Ed- 
ucation Center  presents  the  7th  Annual  Mountain  Air  Conference  at  the  cen- 
ter. The  agenda  includes  pediatric  sessions  as  well  as  sessions  on  pulmonary 
monitoring  in  ventilator  patients,  managing  stress,  and  heavy  sedation  vs  paral- 
ysis in  ICU  patients.  Dr  Forrest  Bird  presents  the  keynote  address,  "Car- 
diopulmonary Management:  The  State  of  the  Art."  Call  (704)  257-4473  for 
more  information. 
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Outstanding  image  quality  is  what  every  registered 
radiologic  technologist  strives  to  achieve.  First,  for  accu- 
rate diagnoses  or  radiation  treatments.  And  second,  to 
further  our  own  professional  image  and  development. 

That's  why  The  American  Registry  of  Radiologic 
Technologists  is  vital.  For  the  200,000  technologists  regis- 
tered by  the  ARRT,  it's  the  source  for  certification  in  radi- 
ography, nuclear  medicine,  radiation  therapy,  mammog- 
raphy, cardiovascular-interventional  technology,  com- 
puted tomography  and  magnetic  resonance  imaging. 

By  earning  certification  and  maintaining  registration, 
registered  technologists  not  only  stay  in  touch  with 


advances  in  technology,  but  become  more  valuable 
members  of  the  medical  team.  And  that  works  to 
improve  everyone's  image. 

To  receive  details  regarding  certification  and  advanced 
testing,  call  612-687-0048.  The  ARRT:  For  assured  quality 
of  care. 
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Outstanding  image  quality  is  what  every  registered 
radiologic  technologist  strives  to  achieve.  First,  for  accu- 
rate diagnoses  or  radiation  treatments.  And  second,  to 
further  our  own  professional  image  and  development. 
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registered  technologists  not  only  stay  in  touch  with 


advances  in  technology,  but  become  more  valuable 
members  of  the  medical  team.  And  that  works  to 
improve  everyone's  image. 

To  receive  details  regarding  certification  and  advanced 
testing,  call  612-687-0048.  The  ARRT:  For  assured  quality 
of  care. 
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INTRODUCING 
3  NEW  Technologies  in  Arterial  Blood  Sampling 


NEW,  Advanced  ASPIR-PULSE™  Syringe 


Patented  design  improves  filling  for  both 
Aspiration  and  Pulsation  techniques 


NEW,  Purge  Guard™ 

One-Handed  Safety  Needle  Venting  System 

Patent-pending  design  allows  One-Handed  operation 
to  immediately  Purge  Air  Bubbles,  immediately 
Guard  the  needle  point  and  immediately  free  the 
other  hand  to  apply  pressure  at  the  puncture  site 


NEW,  Total  Ca++  Lyte™ 

Precision  Heparin 

A  breakthrough  patented  heparin  to  maximize  the 
precision  of  test  results  obtained  from  the  new  critical- 
care  blood  gas  and  critical  analyte  analyzers 
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See  your  Sherwood  Medical  OR  /Critical  Care  Sales  Representative  or  call  1-800-325-7472  for  a  complete  listing  of 

ASPXR-Pulse   Arterial  Blood  Gas  Kits. 
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